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V U E F A C E. 

I’liE subject of this .Mwiioii was first taken up in 1911 wiili 
fclie object of provkliiig a cheap anil efficient iiietliod of jireseiving 
seed wheat in sinall stores against damage bv “ weevils/’ 
These stores were to be small and chea]> enough to be suitable for 
tlie larger landowners or larg<> enough for village communities. 
They were also required to bo sufficiently simple in construction 
and in method of working to he suitable for the ordiiiarv Puiijak' 
village and its iuh.ahitaiits. 

The pre.servatioii of the grain while mainly undertaken with 
the object of secuiiug .sound seed wheat must also leave it fit for 
luunaii coiisumptiou since t!ie need.s of the owner might at anv 
time drive him to sell his grain. 

riicsc restrictions narrow the possibilities very coiisi.derably 
and put out ot court practicallv all the insecticides and chemical 
deterrents known. 

1 therefore turned to the irsc of carbon dioxide and cheap bins 
of mud, lined with galvanised iron sheeting to jiroteci the contents 
against rats or other vermin likely to gain access to an ordinary 
building of mud or brick, and with the joints soldered to render 
them gas-tight so that the l)in could, be fillevl with the gas carbon 
dioxide to asphyxiate the insects ptosent in the grain and in the bin. 

Bias fulfilling these conditions wei-e erected on the Lvallpnr 
Farm and the experiments described in (.'hapte,r 11 made. These 
experiments include a series of neces.sary subsidiary investigations 
to obtain the required information on conditioiLs of germination, 
the effect of the gas carbon dioxide, and the moisture coirtents of 
wheat as it is found in the Punjab unukets, etc. Before the end 
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of 1912 the variations in the results showed that the entomological 
information available was insutificient and that we were workiiic/ 

o 

in the dark as to the types of insects causing the damage. The 
entomological stall at the Agricultural College, Lyallpur, was unable 
to cope with the problem and 1 consequently asked the then 
Agricultural Adviser to the Government of I ndia (Mr. .1. Mackenna) 
in March 1913 to post Mr. A. J. Grove, Supernumerary Entomologist, 
to Lyallpur to take up tliis .side ot the work. The matter was 
officially represented by the Punjab Government in 1913, and 
early in 1914 .Mr. Grove joined the Punjab Agricidtuial Department 
on deputation. By this time the problem had broadened itself 
to include the storing of wheat in large graitiries or elevators, and 
when Mr. Giove arrived our pvinci])al object was to .secure informa- 
tion wliic'h would enable us to deal satisfactorily with grain in 
large bulk. 

On joining at Lyallpur Mr. Grove at once took up the study 
ot the life-histories of the three insects which his tours in the two 
preceding years had shown to he the ones causing most damage in 
stored wheat in the Province, and simultaneou.sly with this I e.xteiided 
my itivestigations on the elfe(;t ot carbon dioxide and other gases 
on specimeas of the insects isolated bv him. 

These expeiimeiits are described in Oiiapters 111 and IV, and 
■Mr. Grove’s work on the life-histories of the insects in (Jhapter 1 
and “ the effect of moist and dry atmosplieres ” in Ctiapter V. 

Tile division of the work has left Mr, Grove responsible .tor all 
the entomological investigations mentioned in the Memoir and 
included in Chapters 1 and V and the naphthalene experiments at 
Gurdaspur mentioned in Chapter VI, all of which are by his pen. 

The chemical and physical studies mentioned elsewhere in the 
note and the mechanical remediai mea-sures are the work of myself, 
my assistant Bli. Jagat Bingh, m.sc., Assistant Professor ol Chemistry 
in the Lyallpur Agricultural College, and other members of the 
chemical staff. The entire work has been done in the closest 
collaboration and all recommendations are made jointly. 
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llie Memoir is a report to tire Punjab Govermiient on the 
“ wheat weevil ” problem. It has been carried out (for the most 
part) ill the Government laboratories at Lyallpnr, ami I wish to 
gratefully acknowledge the Government grants without which tlie 
work herein recorded could not have been done. These grants were 
included in the budget of the .-Vgricultural College, Lyallpur, for the 
years 1911-1914. 

•1. H. B.tRNES. 
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Mr. A. J. Grove having joined the .Mesopulamia field force, he 
has been unable to correct the second proof of that portion of the 
Memoir for wliich he is responsible (.vcc above), and Mr. T. Bainbrigge 
Fletcher, Imperial Entoniologisl, has very kin lly read the final 
proofs of the entomological chapters for us. 


Uctok'r, 1919. 
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CHAPTER I. 

EnTO-MOLOGICAB. 

The study of the insects wliicii diimagc stored prnduct.s. and particulaiiy 
wheat, has not liithertn received from economic entomologists in India the 
attention ineritod by the amount of damage and loss for wliicli such insects 
arc responsible. This chapter contains a record of t he observation.s carried out 
upon the insects found in stored wheat in the Punjab. Ihe woik was carried 
out at Eyallpnr, so that the results obtained will retcr more especially to that 
place, and although these results would be applicable to nn .st places in Ihe 
Punjab, yet the investigations show that in all probability the insects would 
behave rather dilfere.ntly in other parts of Ihe Province. This ^ariation, as 
will be shown later will refer mainly to ditferenccs of climatic conditions and 
more especially to humidity. 


1 
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THE INSECTS ATTACKINO STORED WHEAT IN THE PUNJAB 


The Insects which are found in Stored Wheat 
IN THE Punjab. 

A systematic examination of wheat stores in the Province revealed the 
following insects as occurring commonly : — 

Coleoptera. 

Lcmnopldms sp. (Onenjidse). 

Attagenvs undulaUis, Motsch. (Dermcstidic). 

Rhizopertha doniinim, Fb. (Bnstrychidse). 

TriboUum castaneim, Hbst. (Tenebrionidse). 

Ixiiheticus oryzee, Waterh. (Tenebrionidse). 

Alphitobm piceiis, 01. (Tenebrionidse). 

Cahndra oryzee, Linn. {Cnrculionidie). 

Cahndra granaria, Linn.* (Cnrculionidie). 

Lopidoptera. 

Sitotroga cerealella, Oliv. 

From this list it will he seen that the insects are mainly beetles. .Ml 
of them are small, and to the untrained eye so very much alike, that the 
native grain dealers and zemindars are unable to separate them from one 
another, with one or two exceptions, in which cases vernacular names have 
been given to the insects. For instance the larvae of A. undulodw which are 
different from those of most other insects found in stored wheat have been 
named khapra, but when they were shown the adult beetle the grain dealem- 
could not distinguish it from other beetles such a.s C. oryzee, R. deminica and 
T. castaneum, all of which are given the name sum. Li fact the zemindars 
and grain merchants recognize only two kinds of insects attacking wheat, viz., 
khapra and susri. In one or two cases, liowevcr, it was found that two 
kinds of susri were distinguished, C. oryzee being differentiated from the other 
beetles and designated the smut wali susri (the insect with a trunk like an 
elephant) from the snout resembling an elephant’s trunk. 

The next problem to be solved was to determine which of these insects 
were of importance. 

Lcemophlcem sp. In examining wheat stores this insect was only found 
in quantity when the wheat had been badly attacked by other insects. Its 
oGOUtience was not so common as that of the other beetles, and from general 
observations it did not seem to be of any great importance. Experiments 
in the laboratory on the lines carried out with T. cas/amm recorded later 

’ This insect was only found in two localities and is much rarer than C. Ofj/zcf. 
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showed that this insect does not attack sound grain but lives on giains 
damaged by other insects or in the floury trass produced bv them. It is 
nearly always found in conjunction with T. caslamum. 

Atlagenus unduhtus. Practically no information regarding this insect is 
available. Ono author! merely records its occuitcucc and another^ suggests 
that in all probability this insect lives on other insects. Investigatiou 
showed, however, that in the larval stage the insect attack.s nheat grains 
{see p. 182). It is found practically everywhere in the Punjab, .and is in 
fact an important pest of stored wheat in this province. 

Rhizopeiiha dominica. This is a fairly well-knowm insect, and it attacks 
and damages wheat m both the larval and adult .stages. It is found in most 
places in the Punjab. 

Tribolium castaneum. This insect which Lefroy has called the Red grain 
beetle, ocotirs practically wherever wheat is stored, Init, as the following experi- 
ment shows, it is not really an active agent in damaging sound grain. On 
July 23, 1911, four small glass dishes were taken, containiug the following : — 

{a) Whole grains of wheat. 

(b) Grains of wheat which liad been damaged by other insects, bitt in 

which tliore were no insects present. 

(c) Grains of wheat, some of which had had a portion cut off from the 

embryo end, some from the ajxw and some split longitudinally. 

{(/) Ground wheat. 

Into each of these, 20 active beetles were placed. It had been previously 
determined that T. castaneum would breed well in ground wlieat so that 

(d) would act as a control to tho other three. Tire insects were left undisturbed 
until August 27tli, when it was found that iu' — 

(а) all the beetles were dead ; the grain had been attacker! a little where 
the pericarp was broken and no live larvie were present. One oi' two eggs had 
been noticed but the larvae from them had died; 

(б) 14 beetles w’ere alive, o dead ; eggs and larvie were preserrt and 
ranch fiass had been produced, the damaged grain having been practically 
eaten away ; 

(c) 6 beetles were alive, 1.3 dead, and several dead larvre were present : 
much frass had been produced, and all the. cut surfaces had been attacked 
almost equally. The larvae had evidently passed through several moults as 
many cast skins were found, but they had evidentiv died eventually ; 

' Cotes, E. C. Notes on A. undulaliit. Imlhn .l/n-piini .Votes. Vol. Ill, 1S94, pp, ;!3 
and 119. 

® Lefroy, H. M. Indian, Inject (1906). 

„ „ Indian In<£ci Lift" (1909). 
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{d) 55 beetles were alive, 2 dead, aiul a large number of larvae. The 
surface of the wheat was coveted with cast larval skins. 

From this experiment it will be seen that the ideal food for T. castaneim is 
ground wheat or flour ; that it cannot live on whole grains of wheat, but can live 
on grains which have been damaged by other insects or mechanically ; and in 
fact it may be said that this insect is not a grain beetle but a flour beetle. 

Lathetims orym. There is not much information available regarding the 
occurrence of this insect in India. Lefroy' (1909) does not mention it, and 
Fletcher^ (1914) merely records it in a list of insects attacking stored products. 
It is very closely alliwl to T. cas/aiieum and very similar to it, and this may 
account for its not having been recorded. It does not occur as commonlv as 
T. castamoH but has been found at Lyallpuv, Ludliiana, Jagraon, Sargodha. 
Saiigla Hill and Jaranwala. The insect was tested in e.xactly the same way as 
T. castaneim with the same results. 

Alphitobiiis fkeus. This beetle was only found in wheat wliich had 
become clamp or which had been badly damaged. It was nearly always found 
associated with attack by white ants, ft is a large black beetle and the 
larva is a whitish yellow grub with a darker coloured head. All attempts to rear 
it on wheat in any form failed ; probably it is merely a scavenger and does not 
attack the grain. 

Calandra oryzee. This insect is perhaps the best known ot all the insects 
attacking stored rvheat in India and is a pest of great imjxirtancc, the insect 
attacking the wheat in both larval and adult stages. It is found in most parts 
of the Province. 

Calandra graMfia. Little is known of the occurrence of this insect in 
India. Lefroy* (1909) and Fletcher^ (1911) mention it, but no accormt of it is 
given. The writer (A. •!. G.) has recorded it in two places ; Rewari (2 specimens), 
and Gurdaspur (a few specimens mixed with C. oryzee) ; but it is not nearly 
as common as C. oryzm nor of such importance. 

Sitolroga cerealella. This small grain moth was only found in any numbers 
in the Gurdaspur district, and though it probably occurs in other places, it 
was not observed, and the grain dealers were apparently not familiar with it, so 
that except in the Gurdaspur district it is probably not of much importance. 
The laivse damage the grain (see pp. 203 and 204). 

It w'ill be seen, therefore, from what has been recorded above, that only 
three of the insects found in the stored wheat are actively responsible for damage 
to the wheat, viz., A. umlulalus, K. deminica and C. oryzai. 

^ Loc. ci'. 

* Fletcher, T. Baiabrigge. South Indian lnsecl9, 1914, Government Press, Madras. 
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Distribution. 

Having deter minwl which insects arc responsible for the dcstniction of tlie 
wlieat, the next point to bo considered is the distribution of the various insects 
in order to throw .some light ii])on their relative importance in the various places 
in tlie Punjab. In August and September 1913 a short tour was made to some 
of the chief wheat centres in the jirovinee, Ludhiana. Jlega. Ferozepnr and Lyall- 
piir being visited. At thi.s time very little wa.s known of the inseet.s attacking 
wheat in the province with the po.ssible exception of C. onjza, and the visit was 
of the nature of a preliminary examination to detoriuine what insects were to 
be found in the wheat. In .\ugust. 1911 a more comprehensive inspection of 
the chief markets of the province was made, and in addition to the examina- 
tion of the wheat stores in the market or iiikihU itself, wherever possible, one 
or two of the villages in the vicinity from which the nmmli received its 
supplies, wore also examined. The results of these observations have 
been tabulator! below 


T.tBLE I. 


Name of place 

A. undulatus 

Ft. dominirn 

0. oryZ'V 

Remarks 

Lyallpcr. 





Lyallpur Mamii ... 

ccc* 

cc 

c 

Avfrafire rainfall 12‘66 
iuebes. Subsoil water 

Chak No. 6.) 

cc 

cc 

f 

5(1— ^0 feet below the 
Ml rf ac e. Cultivation 

Karaalpuv 

c 

0 


only possible where canal 
irrigation water avail* 

Chak No 36 

f 

c 


able. Atmospliei'o gene* 
rally speaking dry. but 

Panjwar 




irrigation has raised the 




humidity. 

rhukera 


c 



GuRD.\;^fUR. 





Gurdaspur Farm ... 



ccc 

Average rainfall 34‘fl2 



inches. Subsoil water 

Nawanpind 


c 

c 

vei y near surface. Con- 
ditions moist. 

Babi 


f 

f 


Mustafabad 

f 


c 



• N.B— In the table the folloninR signs have been used 

ecc indicates that the iiiKSct is very couinion. 
cc ditto common, 

c ditto fai'-'ly common- 

jitto found, but in small nurabei s. 
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Table I. -continued. 


Name of place 

A. undutatvi 

R. dominica 

C oryzm 

Remarks 

Amritsar. 





Amritsar MatuU ... 

cc* 

c 

c 

Average rainfall 2308 




ccc 

inches, Subsoil water 10 
to 20 feet below surface. 

KotSaidMobd ... 

cc 

f 

f 

Moist. 

JfLLUXnUK. 






cc 

f 

c 

Average rainfall 26'8 

Phagwara MancU... 

c 

c* 

cc 

inches. 

LUDHI.^Ni. 






c 


0 1 

Average rainfall ‘26'23 




c 

inches. Subsoil water 20 
i to 30 feet below surface. 

Jagraon Maiidi .. 

c 

c 

j 

c 

Irrigation mainly from 
wells. 

Moga 

cc 

f 



SiRS.A. 





Sim Mandi 

Buraguda 

ccc 

cc 


... 

Rainfall about 16 inches. 
Conditions very dry. 

Khaipur 

ccc 




Rewaei. 






£ 


f 

Rainfall about 25 inches. 

Rarapnra 

f 


: 

Conditions dry. 

Gokalgarh 

c 


... 



• iV.B.— In the table the following siyns have been used ; — 

ccc indicatea that the insect is very common- 
cc ditto common, 

c ditto fairly common. 

f ditto found, but in small numbers- 

From the table, it will be seen that although generally speaking all three 
insects are found all over the Punjab, yet in some districts they are not of equal 
importance, whereas in others all three seem to be of almost equal importance. 
For instance, in districts such asLyallpur, Moga, and Sirsa A. undulatus seems 
to be the commonest insect, whereas in the Amritsar and Gurdaspur districts 
C. oryzm is the greatest source of loss. R. dominica seems to be generally 
troublesome. In the districts of Jullundur, Ludhiana, Jagraon, and Phagwara 
all three appear to be of almost equal importance. 
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In considering these results it must always be remembered that they were 
obtained upon a single visit and examination, but in each case the actual 
observations were supplemented by information obtained from grain dealers 
and merchants living in the place, many of whom had had lengthy experience 
of stored grain. The results are also supported by experiments connected 
with the effect of dryness and moistness on these three insects, but it is not 
proposed to discuss this point here as it will be dealt with in another place 
(see p. 261 et seq.). 

In order further to supplement these results samples of insects found in 
wheat were obtained from a number of other places in the Punjab. This wa^ 
done through the kindness of Mr. P. MacBrien of Messrs. Sanday Patrick k 
Co. ; Mr. A. J. Peake of Messrs. Clements Robson k Co. ; and Mr. Fritz Gidion 
of Messrs. Louis Dreyfus k Co., the representatives of these wheat exporting 
firms at Lyallpur. Tubes were sent to the sub-:i gencies of those firms in different 
places and the insects obtained placed in them and returned to Lyallpur for 
identification. 

The record in tabular form is as follows 


Name of place 


Lyallpur 

Cbak Jhurara 
Saogla Hill 


Gojra 

TobaTek Singb 

Sargodha 
Sillanwali 
Bhalwal 
Nankana Sahib 
Jaranwahv 


Tandlianwala 

Sukheki 

Patti 

Jhang 

Okara 

Phagwara 

Kaaur 

Patokki 

Moga 

Multan 

Sukkur 


Table II. 


Collector .1. undtilalus R. dominira 


L. D.* 

+ 


S. P. 

+ 

— 

C. R. 

+ 


S. P. 

+ 

+ 

C. R 

t 


L. D. 

T 

~ 

L. 1). 

-r 

*r 

S. P. 

+ 

- 

S. P. 

+ 

+ 

C. K. 

-f 

t 

S P. 

-f 


S. P. 

+ 


S. P, 

-f- 


s. r. 



S. P 

-J- 


S. V. 

+ 

■ 

C. R. 

A. 

+ 

S. P 

-f- 

y 

S. P. 



S. P. 


“ 

S. P. 

+ 


S. P. 

+ 

■i- 

S. P. 

S P. 

A. 

■i 


S. p. 

4- 

4 - 

S. F. 

+ 

4- 

L. D. 

+ 

-j- 

L. D. 

+ 



• L, 1). refers to Messrs- Lonis, Dreyfus k Co. 

S. P. refers to Messrs. Sanday, Patrick & Co. 
C. R. refers to Messrs. Clements Robson & Co. 


4 - =: Present, 


- = Absent. 


C. oryz'T> 
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'rh« most noticoable (matures about this table are tlie frequency with 
which .1. iniihihiliis occurs (sjicciiiicns being received from every place), 
and the comparative, scarcity of V. ori/za'. Tt also ])oiuts to the couchisii n 
that A. in)ihihitii!i and /?. (hminiai have a wider distribution in the province 
than L\ orz/rfc. In considering these results it must liowcver be reineinbered 
that they cannot be taken in any way as final, but they are useful in 
indicating the occurrence of the insects. 


Tin; Life-Histories of the I.nskcts found in Stored Whe.vi'. 

Before giving the details of the life-histories of the insects dealt with, 
it will be useful to give some idea of the way in which the observations were 
cai'iied out. critic .sin often applied to entomological investigations is 
that the re-sults, which have been obtained by obsc.uvations in the lalioratory 
or iusectarv, are not always of the value which they should be, owing to 
the difference which exists between the natural conditions and those under 
which the observations were made. With tins investigation, however, the 
difference between the natural conditions and the laboratory conditions is 
not so very marked with the possible exception that the diurnal variation 
in temperature in a ’kotha nr large bin of stored wheat would not be as great 
as that of the laboratory. This was compensated for by keeping the insects 
in a closed chamber (an inenbator with a water jacket was used but no 
artificial heat of any kind was employed) so that the temperature would 
not varv as nmch as the laboratory itself dnriiig the day but the seasonal 
variation would still be operative. The chamber served another purpose in 
protecting the insects under observation from accident, and also from 
the frequent dust storms which are such a nuisance during the hot weather 
in the Punjab. The insects under observation were isolated in small porce- 
lain crucibles such as are in common use in chemical laboratories, and each 
was examined daily, and notes recorded, fn describing the life-histories of 
the insects, the three which, as has been shown above, are the most important 
agents in causing damage to the wheat will be taken first and the other insects 
of lesser importance later. 

Attugenus uiiduluhcs, Motsch. (Frontispiece). 

Although this insect is so common in the Punjab, and of such importance 
as a pest of stored wheat, that it has attracted the attention even of the native 
grain dealers in that they have given it a distinctive name in the vernacular, 
viz., khapra, yet it has received little notice from scientific entomologists. 
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it is first mentioned in Indian cntomolo«ical literature a ^ a pest by t'otes 
(1891) in Indian ilnsenin Notes. In these (Vol. III. No. 3, [>a|.;e 119) 
in which figures of the larva and the hectle are. given, it is .stated : It is 

known as ‘ khapra ’ in the Delhi bazaai', where it is .said .soinet inies to destioy 
as timeh as si.v or seven per cent, of wheat stored in go<hnvii.s. l.etroy 
(UtOG) mentions the insect in Indian Insect I’e.sts though apparently he does 
not attach any importance to it as a grain pest but .says ’■ deriiicstid 
rioxhiika nHihihiln) closely allied to the last is reported from India in 
wheat. This or the last is the in.sect foitnd in grain in Gujerat where it 
is believed to be of use in checking other grain in, sects notably the Red 
grain beetle. This belief is so firmly hekl that the deiiiiestid is introdneed in 
tlie grain iiifecteil, with insects as a ehimk on them." The same author (1909) 
again records the itisect inakitig imieh the same comment " JEthrmlonm 
iindklfilii (.Motseli) is Itntnd in wheat. Its larva i.s broad, with short hairS; with 
no anal tube or hooks. The patt it (ilay.s in wheat is not ascertained but it 
is likelv to be predaceous nprni the other insects there or to ieocl on their 
dead bodies. ’ 

Investigation has shown that this insect certainly does not play the role 
suggestc-d by Lefroy in his later note, but is a very active agent in damaging 
the wheat. 

A. umhihiii.is is also included hv Fletcher* (1911) in a list of insect pests 
of stored products, but no account of it is given as its oecurrence has not been 


definitely noted in Southern India. 

The (yij (Frontispiece, figures 1-3). The eggs are laid loose among the 
grains of wheat, ami as a rule singly. Sometimes they have been observed 
t:i be laid in the groove on the grain and in this case two or three may be laid 
together. The size and shape of the eggs vary to some extent but a typical 
egg is narrow, cylindrical, rounded at one cud and somewhat pointed at the 
other ; the poiutwl end having a few hairs upon it. In colour it is a translucent 
white when laid, and remains so for some time. The surface of the egg-case is 


smooth. .U'ter a while, as development proceeds, reddish, or yellowish Inowii 
markings appear from which the form of the deceloping lar\a.' can bt distin 
guished. The markings take the form of transverse brown bands, and a brow n 
spot at the, rounded end, and are due to the long brown hairs with which the 
segments ol the larvae are furnished, the spot at the end of the egg iiuuking 
the long tail hairs whieh lie coiled up inside the shell. 

Compared with other insects whieh attack stored wheat, A. uiuluhituf: 
lays a small number of eggs. The. largest miniber observed was II and as 


1 Loc. cU. 
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a general rule each female lays between 35 and 40 eggs. The eggs arc not laid 
with any regularity and generally the female lays a large number the day 
after fertilization (as many as 20 having been recorded) and then a few each 
day for the remaining days of its life. 

Below, two tables are given showing the number of eggs laid each day by 
two females : — 


Dates of observations 

May 2-May 3, 1914 ... 

Table III. 

Number 

of eggs found 

14 

May 3-May 4, 19U ... 



3 

May 4-May 5, 1914 


... 

6 

May 5-May 6, 1914 ... 



7 

May fr-May 7, 1914 ... 

... 


7 

May 7-May 8, 1914 ... 

- 

* 

0 (dead) 

Dates of observations 

Sept. 2-Sept. 4, 1914 

Table IV. 

Total ... 37 

Number of eggs found 

2 

SepU 4-aept. 5, 1914 


... 

19 

Sept, 5-Sept, 6, 1914 


... 

16 

Sept. 6-Sept. 7, 1914 


... 

0 

Sept, T-Sept, 8, 1914 


... 

1 

Sept. 8-Sept. 9, 1914 



0 (dead) 

The hatching of the egg. 

Total 

The larva emerges from the 

38 

egg by breaking 


through the shell at the pointed end and crawling through the aperture thus 
formed. After the body is free from the shell, the larva often remains for 
some time with the long tail hairs still inside the shell and then finally releases 
itself and crawls away. The aperture in the egg-case docs not close after the 
larva has emerged, and the shell itself becomes thrown into a number of close 
longitudinal wrinkles which give the empty egg-cases a beautiful iridescent 
appearance. 

The period which is occupied between oviposition and the hatching of the 
egg varies, of course, according to the season of the year, but the variation 
is not extensive. When the insect is most active, that is, during the hot 
months, the period is five days. The following table will give an idea of the 
time taken at different times in the year, during which adult females are 
found. From October to March the insect remains in a hibernating condition 
in the larval stage, so that during these months no eggs are produced. 
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Table V. 


Date of oviposition 

Date of hatching 

Perioii 

1914 

1914 


11th April 

17th April 

7 Days. 

3rd May 

8th May 

6 ,. 

15th „ 

19ih 

S „ 

l’2th June 

16th June 

5 .. 

25th 

30tb 

6 

13th July 

18th July 

6 

3Ut „ 

5th Aug. 

H „ 

Slst Aug. 

5th Sept 

6 ., 

10th Sept 

15th 

6 „ 


The hrva. The freshly hatched larva (Frontis. ligiue 4) is of a luiifonn 
yellowish white with the exception of the head which has a brownish or yellowish 
brown tinge and the hairs on the segments which are yellowish brovni. In a 
short time the colouration of the body becomes evident and consists, in addition 
to the darkening of the colouring of the hairs and head, of transverse bands 
of a yellowish brown colour on the segments. The underside of the larva is of 
a uniform cream colour. The segments are hrrnished with two kinds of hairs, 
long simple hairs, and shott barbed ones. The long hairs are arranged in 
groups and project from either side of the segments. The barbed ones are 
found scattered all over the dorsal surface of the body, but partictdarly congre- 
gated into groups on the posterior margins of the terminal segments. In 
this (the first instar), the long hairs are very long in proportion to the size of 
the body and the barbed hairs are comparatively few in number and arc only 
arranged in a group or fringe on the ultimate and penultimate segments. As 
the larva develops the long hairs become relatively shorter in proportion to 
the body and the number of barbed hairs increases. In the wheat, these 
barbed hairs are often found felted together in irregtilarly shaped brown 
masses, especially when the wheat has been infected with the larvEe for 
some time. 

The young larva moves about actively in search of food and crawls upon 
the grains in search of a suitable place to attack. After a period of 
contiuous feeding the larva becomes darker in colour and finally leav es the 
spot where it was feeding and crawls away to hide itself preparatory to 
moulting. The larvae kept under observation invariably crept between the 
underside of the wheat grains and the bottom of the crucible. In 
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moulting, the skin splits along the back from the hrarl to the region of the 
penultimate segment, and the larva crawls out leaving the east skin behind 
and then immediately recommences to feed. 

In the second in.star (Frontis. figure 5) very little difforenee is noticeable 
beyond the increase in size. The general colour is a little daiker and the 
number of hairs in the fringes on the terminal segments is gi-eatcr, giving these 
a darker brown appearance. These fringes are however still found only on 
the last two segments. 

In the third instar (Frontis. figure 6), again there l.s merely a general 
darkening in colour and increase in the number of the barbed hairs in the 
fringes at the end of the body. The long hairs also have now become reddish 
brown in colour rather than yellowish brown. 

In the fourth instar (Frontis. figure 7) a little more cliange is noticeable. 
The body and head are of a general brown colour, except the folds of integument 
between the segments which still retain the yellowish tinge, and when the larva 
is extended give it a banded appearance. The most noticeable difference 
however is that a fringe of barbed hairs has now appeared on the third segment 
from the end. 

In the fifth instar (Frontis. figure 8) a further change has taken place. 
A fringe of barbed hairs has now appeared on the fourth segment from the 
tail end. Beyond this and the increase in size this stage closely resembles 
the previous one. 

In the succeeding instars these fringes ol barbed baits do not extend any 
further up the body but the number of hairs iu each is increased with each 
moult, giving the terminal segments a very dark appearance. In the case 
of a larva, which had moulted ten times (December, 1911), these hairs had 
as-iumed the form of thick brushes increasing in density from the fourth 
terminal .segment to the tail. The appearance and colour of the hinder end 
of the body is therefore an indication of the age of the larva. 

The number of times that the insect casts its skin varies according to the 
season, and also according to the .sex of the resulting adidt. In fact no definite 
number can be stated as the typical number of instars for any particular time 
of the year, for considerable variation may occur even among the progeny 
of the same parent. It is difficult to see what conditions control the number 
of moults, for all the insects kept under observation were roared under what 
appeared to be identical conditions in every respect and yet variation even 
among the progeny of the same parents would occur. For example, of two 
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larvse hatched from eggs kid on the same day (19th May 1914) by the same 
female, one passed through seven moults, pupating on June 22nd.' and the 
other through four moults pupating on June 8th. It is true that in thi.5 case 
the resulting adults were of dilfereut sexes, tlie former being a female and the 
latter a male, and as a general rule the female-producing larvae pass through 
one more moult than the male-producing ones, yet it is interesting from the 
biological point of view that two eggs from the same female, reared under the 
same conditions, should give such different results. As has been said above, 
the season of the year is also a factor in determining the number of moults. 
During the hot dry mouths of May, June and part of July the insects developed 
very rapidly and the miinber of moults was reduced, the .smallest number 
observed being four. Tlie general number during the period was six for the 
females and five for the males. After the advent of the rains the number of 
moults increased and development was considerably prolonged. Here again 
considerable variation was observed. When the insect is active the intenal 
between the moults is generally about five days. Later on in the year, after 
the tains have fallen, the period becomes gradually mote extended until the 
larva passes into a state of liibernation wlien tlie period becomes very extended 
indeed, often to as much as five months. On the next ejage are given a 
few examples illustrating the variation in the number of moults pas.5ed 
through by different insects : — 
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The piipa. In common with other Dermestidae, the insect pupates enclosed 
in the last larval skin (Frontia. figures 10 and 11). In the last ecdysis the 
larval akin splits along the back from jmst behind the head to the region of the 
penultimate segment but the skin is not cast off and the dorsum of the pupa 
protrudes through the aperture formed by the slit. The shape of the skin is 
distorted somewhat, the thorax of the pupa being much wider than that of 
the larva, so that the aperture in this region is much wider. The dorsal surface 
of the pupa seen through this aperture is covered with hairs and the outlines 
of the portions of the body are not very marked. The hairs along the median 
line arc often arranged to form a distinct ridge, and the colour is of a lighter 
brown than that of the larva. Seen from the underside, however, all the parts 
of the future beetle are clearly marked. The general colour of the abdomen 
is a pale yellowish brown, the wing cases, appendages and head being darker 
in colour. The eyes are distinctly marked. Figures 10 and 11 (Frontispiece) 
give an idea of the pupa from the dorsal surface, whilst still enclosed in the 
larval skin and figure 12 is a drawing of the pupa from the ventral 
.surface, and removed from the larval skin. noticeable feature about the 
pupae is their ditfereiicc in size, the pupa of the male beetle (figure 10) being 
markedly smaller than that of the female (figure 11). 

When the beetle emerges from the pupa case, this is pushed away to the 
tail end of the enclosing larval skin, but the beetle still remains enclosed in 
the larval skin until colouration develops and the insect matures. Tliis may 
take two or three days. 

The adult. A. utidulalus is a small, active, brownish black beetle, not 
much longer than it is broad, the head small, compared with the rest of the 
body and the division between the thora.x and abdomen not marked. The 
colouration in the female is lighter than that of the male. In the male the 
head and thorax and tip of the abdomen are of a dark brownish black, 
the elytra and the appendages of a lighter colour. In the female the 
difference in colour between tlie head and thorax and the chiia is net so 
marked. The eyes are black. The whole of the surface of the body and 
elytra is covered with fine light-coloured hairs, giving the body almost a 
velvety appearance. A fringe of brown hairs covers the tip of the abdomen. 
The females are easily distinguished from the males by their larger size, and 
there is also a difference in the shape of the antennae in the two sexes. In 
the male the last joints are more elongated and the basal joints are also 
different (figures 15 and 16). 

The insects in the adult stage have never been observed to damage the 
wheat. The whole function of this stage is the production of fertile eggs and 



180 


THE INSECTS ATTACKING STORED WHEAT IN THE PUNJAB 


when this is accomplished the adults die. The beetles, howevev, arc furnished 
with well developed mouth-parts so that a priori they shoulil feed on some- 
thing and they have been observed sometimes to gnaw away at the surface of 
the wheat grains which have already heen eroded by the larvffi. Food does 
not, however, seem to bo necessary for the production of eggs, for in several 
instances fertilized females gave tlie normal mimfier of eggs without being 
supplied with any food whatever. The adult beetles live for a short time 
compared with the larvae, the longest observed period being ten dav,s. 

The females only require to be fertilized oneo to produce fho full number 
of eggs. During copulation the male remains at flie side of the female, the 
tips of their abdomens approximating. The pair only remain together for a 
short time, tlie time in three cases observed varying from one to ono-and-a 
half minutes. The males arc callable of fertilizing more than one female. 

The kmjlli of life-history. The Dermestidoe are characterized by a groat 
adaptability to circumstances and this insect tuinishcs a good example of the 
phenomenon. The most advantageous conditiors for its develojimeut are 
found in the hot and dry weather whicli oerurs in the Punjab durijigtlie months 
of May and June and part of July. During these months the imsect is very 
active and the life-history is sfiort. tlie sliortost peri<>d observed being twenty- 
five days for males (8th June to 2nd July) and thirty-tliree for females (f)th June 
to 11th July). With the advent of the rains, however, the life-history Iciigtheus, 
being about 30 days for males and 40 for females (July and August). From 
September onwards the conditions seem to be iidiihilive to complete dei’clop- 
meiit and the insect remains in the larval stage in a condition of partial or 
complete hibernation. During September and October the larvfe moult 
fairly regularly hut with lengthened periods between the nniults, but from 
October onwards they remain completely dormant. This goes on until about 
the beginning of April of the succeeding year when the larvai again exhibit 
activity. In the case of the isolated insects kept under ohservatinn during 
this period they lemained between the under surface of the wheat grains 
and the bottom of the containing crucible. Tt was noticed, howec er, in tlie case 
of a large number of lanxe which were kept in a ve.ssel witJi a i|uaiitity of wJieat, 
that they forced their way down among the grains clustering togetluT as if for 
warmth, whereas, when active, tliey are mostly to he found on the surface of 
the wheat. Under natural conditions the larvai have lieen found in various 
places during the hibernating period. Where the wheat has been stored in 
godowns or kothas (native storehouses) the larvae are almost invariably 
to be found in the cracks and crevices between the bricks or in the plaster on 
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the walls. In one iMtance over a hundrwl larvae were extracted from a crack, 
roughly an inch and-a-half long and an inch deep, in the plaster on the wall 
of a koOm and as the walls were fidl of such cracks and each one seemed to 
contain larvae, this will give some idea of the number of larvae which were 
hibernating in the place. Where the wheat i.s rtored in gunny bags the larvae 
often remain in the bags among the wheat. 

It will be seen, therefore, that this insect when it meets advei.se conditions 
merely passes into the dormant state, and continue.s so until conditions change. 
It follows, from this habit of hibernating in the larval stage, that from October 
to April no increase in the numbers of the insects occni’s. as during this period 
no adults are to be found. Mow is given a number of examples of the period 
of life-history of the insect at different times during the year. For the sake 
of convenience the fable commences with the month <d’ .\pril as it is at the 
beginning of this month that activity commences 


Table VII. 


Date of 
ovi position 

D.ate cf emergence 
of adnlt 

Sex 

Period 

wit 

19U 



nth April 

6th June 

J 

Days. 

l.itli May 

•i'lth 


4'i 

15th .. 

I-2th .. 


29 ,1 

8th June 

2n.l .Inly 



9th 

tith 

X 


nth July 

24th Aiig. 


43 ,, 

16th 

17th .. 


.. 

31st Aug. 

•:9th Apiil 1!U.'> 


242 

10th Sept. 

30th .. 

0 

233 „ 


The nnmher of genernlioiis. For this purpose it will he as well to consider 
the year as beginning with April and ending with the following ilarcli, tor eggs 
are not usnally availaBle until the middle or end of April. This being so. it 
may be said that there are four generations in the >-car. the lirst three, which 
occur during the period of greatest activity, being the shortest. The fourt.h 
has a very extended period as it occurs during the period of Inbemation, and 
extends from September until the following April or Hay. In the example 
given, the first aeneraticn is considered as commencing in the beginning of 
May. 


2 
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In obtaining these results the ]iei'io(ls given are necessarily those of the 
females but in manv oases the males matured in a much shorter time. 

Table VIII. 


Number of 
geneiation 


Date of 
oviposition 


Date of 
cmei'genco 


Perioil 


First 
S^erotid 
Third 
Font til 


19!4 

IStb May 
... Juno 

'tIsI July 
. UMli Sept. 


1914 


19th Jtme 

38 Day: 

•2Glh July 

35 , , 

Tth Sept,. 

39 

30th Apvil 1915 

233 „ 


The effect o)i the gmui. The larvio of -d. attark the grain in 

a characteristic way. Passing, as they do. the greater part of their life outside 
the gi'ains. the damage that they cause takes the form of a gnawing awav or 
erosion of various parts of the grain. No particular part of the grain seems 
to be especially attacked, but it has been determined liy ex)ierimeut that the 
attack always begins at some weak place in the pericarp. It was observed 
occasionally that larvse Iwred their way into the grains at the place where the 
primary attack was made, but on the other hand other larva; merelv gnawed 
away at the exjiosed surface.s of the grain, and a wheat dealer at Ludliiana 
informed the wTiter that he had noticed that wheat attacked by this insect 
was often white due to the fact that the larvae ha<l gnawed away the yellow 
pericarp. 

During the investigation it was considered necessary to deterinine whether 
the larvae in their varx’ing stages eonld attack whole grains cf wheat. .Iccord- 
ingly a quantity of larvae was reared on grains which were already damaged. 
Then a number of larvae in each of the first to the fifth instars was isolated 
with whole grains of wheat whieli were carefully examined to see that the 
pericarp was intact. It was found that in the first, second and third instars 
the lai'VK were unable to penetrate into entire gi-ain.s lint in the fouith instar, 
that is after the third moult, they could do so. In practice, however, this fact 
woulil not have very much significance except perhaps in the primary attack, 
but even then there would be enough damaged grains for the froshly-hatchca 
larvae to penetrate. Moreover, the primary attack is in all probability made by 
larvae which have passed the third instar and have, been hibernating through 
the cold weather and the grains wdiich they might damage would provide 
sufficient food for the early stages of the succeeding generation. 

■Another interesting feature of its method of attack is the prevalence of 
the insect at the top of the wheat. It certainly can and does penetrate to 
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some depth into the wheat, but the greatest amount ol damage ahvaj-s occurs in 
the first six to twelve inches, and during the first year. The damage caused bv 
the insect very soon becomes obvious owing to the collection of cast larval 
skins seen lying about the surface of the grain, and when the attack becomes 
had, the quantity of these skins and other detritus which collects on the surface 
of the wheat is extraordinary. 

ThelarviB of A. timhihlus unlike the adults of R. dcminica and C. orytm 
consume all the material they gnaw from the grains, and wheat attacked 
by this insect do(« not become tnixed with the lloury matter which charac- 
terizes the attack of the other two insects. X quantity of dust and trass is 
produced but this consists almost entirely of the excrement, which is composed 
of small white or yellowish white pellets. This is quite characterLstic and 
often indicates the cause of the damage to the wheat when no insects are to be 
found. 

.although the normal food of the lai va" is the wheat grains, yet they can 
live on flour or the floiirv matter which is often found amongst wheat, and 
.several larvse have been reared on this material. This may possibly be 
resorted to bv the vonng larvae when they are unable to find grains which are 
suitable for them to attack. 

Another curious fact regarding this insect is that wheat which is badly 
attacked bv it, always feels hot to the touch, and it. was found that the tempera- 
ture of a number of larvae collected togetlier was considerably above the air 
temperature. 

Rliitojxiiha dom>nic<L Fh. 

Like A. nndidnfMS this insect has not received nnicli attention in India 
but ill America its importance as a pest of stored gi'ain has been recognized, 
and an account of it was given bv Chittenden' (1911). It has also been 
recorded bv other observers in other countries. This author (Chittenden) 
gives a short bibliography. In the literature on Indian economic entomology- 
it has not receivixl much attention. Records of the occurrence of the insect 
ivere given at ililTerent times in Indian Museum Notes by Cotes- (1889-1891). 
Stebbing'* (1903) also gives a short description of the insect and a few- notes 

I Chittendon, F. A. The la-ssor Omiii Borer (if. dotinin'-ay llidl.. f . Diftt. Afiri. 
Bureau oj Enlomology, 96, Part III, pp. 29—47, lisr.^. 7 and S. 

* Cotes, E. C. Notes on if. rfoiiliniVa. Indiair Museum AoU^. \ o\. I, 1SS9, p. 00. 

Vol. II. 18S9, p. 27. 

” ” ’ ” Vol. II, 1S93, p. 150. 

” ,, Vol. Ill, IS94, p. 124. 

^ .stetbing. Note on if. dominira, Indtan Museum ^'otes, \ol. \I, pp- 25 and 26. 
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on its life-liistorv. Lefrov (190G) does not mention it in Indian Insect Pests 
and merely mentions it as a household pest in Indian Insect Life (1909). 
Fletcher' (1914) records it as a minor pest and gives some details of its life- 
history. None of these avithors. however, gives any complete data tf the 
bionomics of the insect so that information on these points, which arc of 
importance in studying the insect as a pest, had to he worked out afresh. 

The egy. (Plate II, figures 1 and ’2.) The egg has been described by 
Chittenden as : — “ White, of elongate pear-shaped form, one end fornung a 
rather narrow stem or neck, hearing on one side at its base a transverse 
impression or suture, causing the egg to bend somewhat to one, side. Both 
ends of the eggs are rounded : the surface is slightly polished and apparently 
somewhat rough. The length of the egg is O'li mm. and across its thickest 
portion a little over 0-2 mm.” 

A little variation from this description has been noticed, the eggs when 
they are freshly laid are perfectly white, but after a short while a pinkish 
tinge appears particularly towards one end. and this is the characteristic 
colour of the eggs. The shape too is rather more cylindrical than pear-shaped, 
and the narrow neck or stem is really a small peduncle formed by a pulling 
out of the end of the egg-case during the process of oviposition. 

Each egg is laid separately and cither loose among the grains or in some 
cases stuck to them. It has also been noticed that the eggs are sometimes laid 
in clusters and not singly. This nearly always takes place when a large 
number of eggs is laid on the .same dav. as often occurs. The process of 
oviposition was observed i]i one instance. The ovipositor of a female which 
had eaten its way right inside a grain of wheat was thrust out through a 
hole in the grain. The ovipositr r became very much elongated, when 
fully extended being nearly as long as the abdomen, and then became 
tense and swollen due to the passage of the egg into its lumen. Sometimes 
the internal pressure was so great that the ovipositor became coiled upon 
itself. The egg then passed into the posterior portioir of the organ and was 
then rapidly extruded, but the egg was held for some time in the distended 
orifice and the organ waved about as if seeking for a place in w'hich to deposit 
the egg. After a short interval the egg was released. The eggs were laid in 
rapid succession, following one another quickly down the organ. 

For its size this insect lays an extraordinary number of eggs and the 
period during which it is actually ovipositing may be an extended one. The 
largest number observed is 686 and the general number is between 300 and 400. 
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Below is given the miinber of eggs laid by several females am! the periods during 
whicli each insect laid the eggs :~ 

Table IX. 


Date of commence- 
ment of oripoai- 
tion 

' Date of dtiuth 

1 

1 

Kiiinber 

of 

eggs laid 

1 

j IlEMAKKS 

1914 

I 



28th May 


383 

Ceased laying on *27tb July 
1914. 

6lh June 

8th August 1911 

320 

Ceased laying on S^iid July 
1914. 

nth July 

23rd April lOl.j 

•Wl 

j Ceased laying on 18th 

November 1914. 

IDth 

7tli Aiisust 1911 ... 

■jyj 

Ceased laying on 3id 
i August 19M. 

lUh Auiiust 


480 

1 Still alive on 4th Mav 1915- 
3 eggs laid on SOlIi April 

■22nJ 


331 

Still alive on 4lh May 1915. 

Ceased laying on 22nH 
' September. 


The time taken to prod\ice this nuniber of eggs is eonsidcrablc. For 
instance, one female commenced to la> eggs on 9th July 1911 and continued 
to do so until 2131 August when it ceased laying but still continued to live. I 
to this time it had laid 319 eggs. On Jth September it was still alive and 
another male was placed in the crucible with it and allowed to icinain until 
the 18th when it was removed and it was found that the female had laid 0 
eggs. From this date it continued lo lay eggs until IStl, November when 
it ceased to lay but continued to live on. having bmrowed its war into a la 
of rvheat where it remained quiescent. It continued to live in this condition 
until 23rd April 1915 when it died without having laid any mom eggs, n a 
it had produced 586 eggs. 

It would appear from this that one fertilisation does not suffice to supplr 
enough spermatrzoa to fertilise all the eggs which a female is capable o ar n 
It has also been found that one male would copulate at least twice. The 
number of eggs laid per day varies very ci iisideiably. It has been noticed 
that previous to the conmieuccmeut of oviposition the female ec s ^ ’ 

producing a quantity of the floury fvass which is characteristic o 1 * * 
of this insect, and then as a rule a large number of eggs is lai ai > 
time. Then comes a period of less act.ivity coincident with mcnased Mmg, 
and this is followed in it® turn by a larger daily output o eggs. is 
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exemplified in the following table which is the daily oviposition record of a 
female for one month 


Table X. 


Date of 
ob^eiTation. 
1914 


Number of 
epRS laid 


une 

1-2 





2(1 


2-3 







3-4 





1'2 


4-5 


... 



10 

o 

6—*) 







6-T 





s 


7-S 





4 


8-9 



... 




r-10 

... 




6 

»» 

10-11 


... 



19 

r> 

n-12 

... 

... 


.M 

23 


12-13 


... 



19 

n 

i:!-14 





21 

■■ 

14-15 

1 5 — . fi 

... 

... 



3 


ii;-i7 





•) ) 

t' 

17-18 

... 

M. 

.M 


7 

11 

18-19 





15 

t) 

19-20 

... 

... 



10 

,, 

•20-21 





... 


21—2*2 

.>•>_<>{ 

... 

... 



10 

]■> 


23--21 

... 

... 



6 


25-2(1 

!!! 





t1 

2C-:7 





13 

11 

•27-28 





14 

• 1 

•2>'— *29 





16 

- 

•29—30 





14 





Total 


•284 


Oviposition continued steadily until the end of September in sonic cases 
but in others it continued until the middle of November, after which all ovi- 
position ceased. The, females, however, did not die but lived on, usually buried 
in tlie inside of the grain of wheat which they had attacked, and evidently in a 
hibernating condition for their innveiuent.s were .sluggish and they did not 
seem to feed much. 

The hatching of the eggs. Very little change takes place in the appearance 
of the ^gs until they are nearly ready to hatch when they assume a more 
opaque white appearance and lose the reddish tinge. The larva emerge.? by 
breaking through the egg shell at the end and often remains on the empty 
shell for some time. The empty egg shell has a collapsed appearance and is ot 
an opaque white colour. As a rule the larva leaves the egg shell untouched 
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after emerging, but instances have been noticed where the empty egg shells have 
been partially devoured by the young laivse. The period, which elapses from 
the laying of the eggs to the appearance of the, laiva, varies of course accoiTliuc 
to the season but during the most active period (llay-Augnst) it is usiialh- live 
days. This is a much shorter period than that given by Chitteiideiri (1911) 
(14 days, April and May) and Fletcher- (1911) (10 days, season not stated). 
In the United States the period is likely to be more prolonged because of the 
more, temperate climate, Init it is difficult to understand the extended period 
given by Fletcher, as the. climate of Madras should be such as tci provide 
optimum conditions for the development of the eggs. 

With the advent of the c<dd weather the period required for the eggs to 
hatch increases very vapidly. From a reference to the table gi\'en below which 
show,? the period required for the hatching of the eggs fiem May to November, 
it will be seen that although the period remained fairly constant till the end of 
September, yet during Oct(»l)er and November the period increased from 1 1 to 
20 days. These latter periods were obtained I'lom eggs laid by a female which 
had continued to lay until this time although the majority of the females 
under observation had ceased to oviposit in September. 

Table XI 


Date of oTipoijitton 


Date of hatcliing Period 


19H. 

nth May 
•2yth 

10th June 
7th July 
19th „ 
l'2th August ... 
2*2nd 

14th September 
30th 

nth October 
5th November 
loth 


1914. 

2Ut May 
2nd June 
I5th 

V2th July 
•24th 

nth August .. 
27th .. 

19th September 
tith October . 
27 til 

■2*2nd November 
10th December 


5 Days. 

h •, 

b 

d 

t) 

d 

il 

is; 

26 ,. 


The lan-a Chittenden' ( Ifll 1) gives the folh-wing description of the new ly 
hatched larva : — 

“ Tile iiewlv hatched larvae were desenbed as wlnttn slightly yellowish 
towards the head, head yellowish, ocelli reddish brown, arranged m a triangle, 
month parts broAvnisli. anteniue very short, the head beset with a few long 
hairs, legs tolerably long, slightly yellowish with long claws. Each of the 


l/K. cil. 


^ Lih\ 
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abdominal segments bears ventrally a number of long hairs and similar hairs are 
also on the dorsal side of segments 7 and 8. The last segment bears a slightly 
curved yellow horn, directed backwards. Length a little less than 0'3 mm.” 

Little needs to be added to this description. The freshly hatched larva 
(Plate II, figures 3 and 4) is very active and moves quite rapidly about the 
grains. In this stage, it does not assume the characteristic curved form of 
the Bostrychid larva, nor is the thorax markedly enlarged. 

In the second instar (Plate II, figures 5 and 6) it still retains the shape of 
the freshly emerged larva and practically the only noticeable difference is 
the increase in size. 

In the third instar (Plate 11, figure 7) the larva has now commenced to 
assume the typical curved form, and the thorax has become much more swollen. 
There is still no noticeable change in colour. 

In the fourth iiistar (Plate 11. figures 8 ami Vi) the larva reaches its full 
development. ('Iiittendeu’s' (1911) description of the larva in this stage is as 
follows 

“ The lar\’a when fully developed is of the chavacteristic Bosliychine form 
similar to that of Diiwden.i.f Iruiicitlit.i. It is rather nioro elongate than 
usual in the Ptinida and more constricted in the middle. The ground colour 
is white, the head light brown, and the mandibles dark brown, nearly black. 
The claws of the legs are light brown. The body is covered with minute slender 
pale brown hair.s. which are denser and somewhat longer on the first thoracic, 
and last two abdominal segments. 

■■ The larvie when lying on their sides somewhat resemble on a smaller scale 
those of the Lunielliconis. t he body being curved in the same manner ; locomo- 
tion in this position i.s possible but very slow. 

“ Full-grown larvae measured about 2'8 nun. in length.” 

The larva pa.sses through four moults as a rule thougli one or two cases 
have been observed where five moultings took place. These results were 
obtained by rearing the larvae on flour as of course daily examination of 
larva; inside grains would be difficult and the frequent disturbance due to the 
cutting open of the grain would not have a good effect on the larvae. Larvae 
living exposed in this way took a little longer to pass through their 
metamorphosis than those which lived iicsidc the grains, this being probably 
due to the artificial nature of their surroundings. The experiment was also 
useful in showing that the larvae can live and mature in floury material of 
this kind, a point which will be discussed later. The intervals between each 
successive moult were fairly regular after the first one, but this was usually 


' Loc. cit. 
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rather extended. This may, however, have been due to the somewhat arti- 
ficial conditions under which the larva was living rendering it perhaps more 
difficult to get through the initial stages, but when it had liecoiiie well 
established and the first moult safely passed through, then development would 
proceed faster. 

The pupa. The pupa is at first quite white but later brown pigment is 
laid down in the eyes and trophi. The pupa exhibits the characteristic 
depressed head and enlarged thorax of the adult. The dorsal surface is 
covered with hairs. 

The pupa lies in the cavity inside the gram which the larva ha.s excavated 
during its feeding processes. No cocoon of any sort is prepared, and the oxuvia 
and excrement of the larva are pushed into the uuocoupiod space left in the 
cavity of the grain at the tail end of the papa. In the case of the larva; 
which were reared upon flour, au elliptical cavity was hollowed out by the 
larva iii the floury material in which it pupated. 

The (t(htU. Chittenden' (191 1 ) describing the beetle say.s ; — '■ The beetle is 
about ono-eighth inch long and about oue-thirty second of au inch in width, quite 
narrow being therefore approximately four time.s as long as wide. The form 
is nearly cylindrical, the head, is comparatively largo and prominent and bent 
down under the thorax in the maimei peculiar to must members of the family 
Bostrychida; ; the aiiteuiuu are also prominent, as are the eyes and the mandi- 
bles. The antennae are ten jointed and terminate in a three jointed chub. 
The colour is dark brown or castaneous and polished, throughout." 

To this description might be added that the anterior margin of tlie 
dome shaped thorax is crenulate and that the surface of the thora.x and the 
elytra is pitted ; the pits mi the elytra being arranged in lines giving them a 
striated appearance. 

Viewed from above, the licad, of tlie beetle is compleloly liidden. when at 
rest, by the over-hanging anterior margin of the tliorax. but when the insect 
is active, the head is raised and protended to some extent, so that the mandibles 
and a portion of the head appear in view as is represented in figure 1 1 . Plate II. 

The males and females arc to all outward appearances exactly similar. 
There is no noticeable difference in size or in the shape of the autennie. It Ls 
thoreforo oxtrcmelv difficult to determine the sex of the newly emerged 
insects. In carrying out the work on the number of generations passed 
through, it became imperative to know which were females, and this was done 
in the following w^ay ; — A number of insects was selected from the stock and 
isolated in tubes. As the insects are very active in tlie natural state, the 

' Loc. elf. 
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probabilities are that a female very rarely escapes fertilization and by selecting 
fairly young insects, which can be determined from their colour, those beetles 
which laid eggs were females and those which did not wore assumed to be 
males. The newly emerged beetles were then tested with these males and in 
each case by taking a sufficient number it was possible to obtain fertilized 
females to carry on the generations. 

The adults both male and female are provided with wings which they u.se,, 
and beetles have often been caught on the wing in storehouses and other places 
where the insects were present in numbers. This is the only one of the three 
important Punjab stored wheat insects which the writer has caught flying, 
although the other two possess wings. The extent to which it uses its power 
of flight is difficult to determine. It has usually been seen flying in an aimless 
kind cf way about rooms and storehouses where wheat is stored, but has not 
been taken in the field, though there seems no reason why it should not infect 
piles of wheat which often lie about in villages neat to the store places for 
some time before the wheat is actually stored. In any case it is probably a 
fruitful source of infection from one godown oi- holha to another. This is 
especially so when they arc built close ti gether as is often the case in villages 
and mO'iidis, and particularly so, when one considere the indifferent state of 
repair in which these buildings are often kept, sc that intercommunication 
between the several rooms or chambers is very easy and would afford no 
obstacles to the passage of such a small insect as R. dmniiiui. 

The adult after emerging from the pupal covering remains generally for a 
few days inside the grain in which it has developed, until it is mature, and then 
cuts its way out through the side of the grain. 

The leriyth of life-liiiitoij/. This cf course varies with the season of the 
year, but the insect is most active from May until August. From September 
onwards the period of life-history lengthens and in December, January and 
February the insect merely “ marks time,” remaining in a hibernating condition 
in whatever stage it was when the cold weather .set in. The shortest period 
observed was 24 days (June and July 1914} and the average period dining the 
time of general activity is 27 days. This period is again shorter than given 
by Chittenden* (1911) (108 days April 27 — .August 12) and F'letcher** (1914) (pro- 
bably less than two months) but neither of these observers had determined the 
period e.xactly. It is, however, difficult to understand why FTctcher should have 
suggested such an extended period, for there does not seem to be any reason why 
the average period in Madras should not be nearly the same as in the Punjab. 


’ L<JC. cit. 

^ Loo. cii. 
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The following table gives the length of life-history lor each month in the 
year during which the insects are active. For the sake of convciiioico the 
table commences with the month of May as this is the beginning of the period 
of activity.. The figures given are the actual number of day.? wliich elapsed 
from the laying of the egg to the emergence of the beetle from the pupa case. 
This last was determined by cutting open the grains about the time when 
pupation should have taken place, for. as has been mentioned previouslv. the 
adult in nature usually remains inside the grain for some da vs after emerging 
from the pupa case before cutting its wav out ; 

Table XII. 


Date of oviposition 


Date of emergence of adult 


Period 


1914 

27th May 
29th „ 

3rd June 
25th 

10th July 
12th August 
22nd 

Nth September 
23rd .. 
fith October 


I 


19U 

20lh June 
1st July 
3rd 

IHth .. 

4th August 
Sth September 
19th 

20th October 
l-'th November 
6th April 1915 


33 Days. 
32 
31 
24 
26 
28 
29 
37 
.52 
183 


The iluinbnr of genoratiousi per aimunt is probably live. In carrying out 
the investigation to determine the miinber ot generations, some days were 
allowtul to elapse between the successive generations to compensate for the 
period during whicli the insect usnally remained inside tlie wheat grain in 
which it liad developed, before breaking its way out. Below is given a typical 
series ot generations ; — 

Table XIU. 


(leneiation 


Date of Date of 

oviposition emeigenceof adult 


Peiiod 


Fit St 
Second 
Third 
Fourth 
Fifth . 


19U 1914 

l.^t April* Ijjh May 41 Days. 

4th June 7th July 34 

Uth July 7th August 28 

22iid I8th September 28 ,, 

6fh October 6th April 1915 183 ,, 


• This date is only approximate. The larva eiuerRcd from the egg on 7th April. 

[he (’ffect on Ihe gyaln. The attack (d R doininiio is tpiite chfiiacteiistic. 
and with a little practice can be distinguished from that of niidnkifvs or 
C. oryzw. The most noticeable part of the damage is that effected by the 
adults. Grains are seen in which the whole td tlie starchy interior has been 
oaten away leaving the pericarp of the seed efupty and riddled w'ith largo 
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irregularly shaped holes. A large amount of white floury frass soon accumu- 
lates, for the insect spoils almost as much, if not more, of the grain than it 
consumes by reducing it to the condition of flour which, as has been mentioned 
previously, probably affords a means of support for the young larvae until they 
can find grains suitable for them to bore into. 

As with A. undvhtiis, experiments were made to determine whether the 
freshly emerged larvie coidd attack and bore into perfect grains, or whether 
they could only attack th(.se which were in some way damaged. The results 
of these experiments, although one or two exceptions occurred, go to show 
that the newly hatched larvai cannot enter a wheat grain which has the pericarp 
complete, but the smallest crack or abrasion in the pericarp which has removed 
the hard outer skin so that the softer umierlying tissues can be reached, seems 
to be sufficient to enable the larva to make its way into the grain. If, however, 
the pericarp is entire, even fairly mature larva; are unable to penetrate into 
the grains. For example three larvie. one month old which had been reared 
on frass, were placed along with three grains of which the pericarp was entire, 
and they failed to enter the grains and idtimately died ; two, three days 
after being put in, and the remaining one on the fourth day. In another 
instance out of four larvae which had been feeding on frass for seven weeks, 
only one .succeeded in penetrating a grain and the others died without 
having done so. 

From repeated observations it was found that the freshly hatched larvae had 
no difficulty in cnteriirg grains which had been sliced, or the pericarp reitrnved 
in any way, and in rearing larvae iir the investigatioirs rtpoir the life-history 
of the insect, a small hole was made iir the grain with a needle to afford an 
easy iirgress for the larva. Under natural conditioirs although the young larvae 
may find some difficulty irr discovering graiirs which they can perretrate. yet 
the activities of the adults rrrrrst reirder a large number of grains liable to 
attack by the larv®, aird in this the males would be as effective as the females ; 
and more than this, the frass, which the attack of the adidts produces, 
would afford a rneaits whereby the young larva would be able to tide over 
the earlier stages, if it was not successful in finding a siritahle grain to 
attack at once. 

Calandra oryzw, Linn. 

PLATE III, 

Of all the insects which attack stored wheat C. oryzee has perhaps received 
most attention from entomologists owiirg to its practically world-wide distribu- 
tion and its importance as a granary pest in other courrtries. It is not proposed 
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here to summarize what has been previously written about this - inseet bv 
observers in other countries, as much of this literature is not available here ; 
but it will be useful to refer to what has been done with this insect by Indian 
observers as recorded in the rather scanty literature on Indian economic 
entomology. The earliest paper of value is that by Cote.s’ (1888) which gives 
a short account of the life-history of the insect and discusses various remedies, 
Lefroy* (1906 and 1909) gives some details of the life-history of the insect. 
Fletcher* (191 1 and 1914) gives more details of its life-history and discusses the 
relation of dryness and moistness to the development of the insect. Although 
therefore quite a lot is known about this insect in other parts of India, vetv 
little is known with regard to its habits in the Punjab, so that for the purpose 
of this investigation only those points which are of importance to the problem 
from the point of view of the conditions which obtain in the Punjab have 
been considered. 

The e<fg. The egg as described by Fletcher* (1911) is laid in a groove or 
pit prepared for it by the female in the surface of the grain. Any situation 
on the grain may be selected by the female and it has not been observed, as 
stated by Fletcher, that special preference for (be hairy apex of the grain is 
shown. Under ordinary circumstances the eggs are always laid buried in the 
grain but eggs have occasionally been fonnd laid exposed on the wheat grain. 
These did not hatch, however. 

The unmber of eggs laid by this insect under Indian conditions has never 
been determined. Hinds and Turner* (1911) in their account of the insect 
give the inaximuin mimber observed as 417 and the maximum miinber kid 
in twenty-four horn's as 20. These authors do not say by what method the 
number of eggs was determined, whether the eggs were cut out daily or not. 
It was found too laborious to cut otlt the eggs in each case, nor was counting 
the scars made upon the surface of the grains reliable, as erery scar did not 
always denote the presence of an egg. Tlie following method was therefore 
adopted, which it was hoped would give a fait approximation to the mtmher 
laid. A virgin fomalo was taken and confined with an active male and supplied 
daily with 20 fresh grains of wheat '. the old ones, in which the female had 
presumably laid eggs, were then removed, placed in a test tube, and kept rvnder 
favourable conditions for a sufficient time to allow the eggs to develop into 

' Cotes, E. C. A iircliiuinary aceonnl of tKe «he.it and rice weevil in India. .YiUn en 
Eronomif Rnlomohygy. No. 1. (Jovorniiiont Press, Calcutta. 

» Fletcher, T. Bainbrigge. “ Weevil and dry wheat.” Agrirultiiml Jvurmil of liulm. 

Vol. VI, pp. 333-343. , ^ ^ . 

* Hinds Mid Turner. Calandm oryzae in Alabama. The hfc history of the rice weevil. 
Journal of Economic Enfomology, Vol. IV. pp. 230 230, Part 7- 
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easily distinguishable larvoe. The grains were then cut open and the number 
uf larva; counted, this iiuiubor being taken as the number of eggs laid. The 
results obtained, however, were not very encouraging for the greatest number 
recorded was GO between 9tli ami Slst October 1911, after which date no more 
eggs were found although the female continued to live for .some time after- 
wards. The largest number recorded in one day was 19. These results are 
much smaller than those given by Hinds and Turner' (1911) and evidently 
require further investigation. 

The, hirva. The larva has been figured and described several times before! 
by variou.? autliors. It is a small legless grub, yellowish white in colour evith a 
yellowish brown head. In its natural state it is slightly curved giving it a 
humped appearance. Hinds and Turimi' (191 1 ) state that there are throe stages 
in the larval history, determined liy differences in the mea.snrements of the 
head. This point could not be verified in the same way that the number of 
moults of R. were a.scertained. as tin* larva* wmdd not live on flour. 

The larva* possess a distinct advantage over those of A. iinihdahts and 
R. dominica for, since the egg is laid beneath the surface of t ho gi*ain, the larva 
when it hatches out has a place already provided for it where it may attack 
the grain, and it has not to search for suitable food as is the case with the 
other two insects. If it had to do so. as would happen in the cases where the 
eggs were laid on the surface of the grains, it would be at a distinct dis- 
advantage for, being legless, its scope for locomotion would be very limited. 

The pujyi. This is a typical curculiottid ptipa and all the characteristics 
of the adult can be clearly discertred. Hiuds and T\irner> give the dtiration 
of this stage as between three and nine days, atul the average as six. Fletcher 
gives the period as six days in warm weather. In Lyallpnr during the time 
when the insect is mest active, that is .Vugiist and Se])temb(*r, the time roriuired 
for the emergence of the pupa is about a or 0 days b\it as the weather gradually 
gets colder, this period lengthens and at the end of November may be as long 
as 14 days. A few examples are given below 


Table XlV. 



Date of pupation 

Date of 

emergence of adult 

retiotl in days 


1911. 

19U. 


9th 

October 

14th October .. ' 

6 

24th 

November 

30th 

llth November 

7 

4th 

8 

20th 

” 

3rd December 

14 


’ Luc. cit. 
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The adult. This is the most easily recognizable ol all the insects which 
infect stored wheat in the Punjab, -and is, moreover (with the exception of 
C. grawiria which is unimportaut, owing to its comparative raiity), the only 
truo “ weevil ” among them all. Native dealers in some places have learned 
to distinguish it from the other beetles and call it the suiid wait sufri from its 
pronounced snout or trnirk. It is brownish-black in colour, becoming pro- 
gressively darker as it becomes older. In its younger stages it may even be 
quite light brown ami is not easily distinguished by its colour from C. gnmaria. 
but the four reddish brown spots on the elytra and the characteristic pitted 
appearance of the tinrrax and elytra render it easily distinguishable. 

The sexes are also casilv distingiiisliable. as staterl by Hinds and Turnei* 
(1911), by the length aitd breadth (d tlie snout, that of the male being shorter 
and broader than that of the female. 


A curious characteristic of this insect has I>ccn tioticed. The beetles as a 
ralo lie hidden among the grains, but if tlic wheat is disturbed, a largo nuinbei 
immediately corner out on to the surface of (he wheat walking about actively 
as if seeking to escape from some danger. It has also been noticed that Hie 
adults are capable of walking up smooth vertical surfaces with ease, differing 


in this respect from .1. ond'dob'.S' and R. doiiiinica. 

During copulation the male mounts the female from behind retaining its 
hold by the front legs' the tibia? of which are aimed with strong spines. The 
females will take, the male more than once, as the following example shows : 
A male and female were put together with some grains ol wheat on 21 st February 
19U On 1st March thev were observed to be coupling, but no eggs vere 
found subsequentlv. On Ttb March they were again seen to be pa.rmg and 
again on the 13th. The female died on lOtli and the n.a e on the la i and 
on 28t!i the grains were cut open but no larv» or eggs u ere ouni . i - 
had been kept tlie whole time in an incubator at oO Cent. (Mi Fahi. « i s 
an average warm weather temperature, so that the non-production ot progeii. 


is difficult to iiiiderstaiid. , , .,,.1 

The length of \ife-hi,to,g. No accurate ligures are available oi the ie..^ . 
of time occupied bv this insect m passing tbiough it.s \aiious stasis m 
Fletcher-^ilffl!) gives some tigiires. but these cannot be lakeii as the de ermma- 
tioii of the actual length of life-history, since tliev are based upon the dates 
when the parents were put into the jar of wheat. This. lowi.Mr, c< 
taken as a criterion for the date ot oviposition, for the eggs may not have ceu 
laid for some davs after the parents were put .11 among tlie wheat, and 


' L<*c. clt. 
* he, clt. 
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is no reason to suppose that the period between the infection of the wheat 
and oviposition of the female would be the same in each case. It is clear 
therefore that these figures cannot be relied upon . A report by Hooper' (1 91 .3) 
is quoted by Noel Paton^ (1 913) giving some figures of the length of life-history, 
but in these again no measures were taken to ascertain accurately the date of 
oviposition. However, 29 days (May and June) is given as one of the periods 
observed, and this is considerably short.er than the shortest period given by 
Fletcher (34-36 days June — July) althmigh the climate of Calcutta is not 
so very different from that of Pusa. 

In Lyallpur (,'. oryzw behaves in a peculiar manner. During the hot dry 
weather the majority of the insects die off under ordinary circumstances. At 
the end of the cold weather a large number of beetles was observed to be 
leaving a bag of wheat which was badly attacked by them, and to be crawling 
up the walls of the room in which the wheat was stored. Ihis migration con- 
tinued until there was scarcely a specimen to bo found among the wheat. A 
large number of these died, but doubtless many of them found suitable lurking 
place.s in which to hide until the advent of more favourable conditions. In 
bottles of wheat in wliich the insects were allowed to breed and which were 
being kept to supply insects for other experiments, the insects merely died off, 
escape fronr the bottle being impossible. Breeding had apparently ceased 
entirely, and this was borne out by experimeirts which were being tried, for at 
this time of the year all the attempts made to induce the insect to breed 
were unsuccessful. Even altering the moisture conditions did not have much 
effect, for a number of pairs of insects were kept in an atmosphere of high 
humidity, hut although this prolonged the life of the insects, breeding only 
took place in one or two instances, and then not to any large extent. Eeducing 
the temperature and increasing the humidity was more successful. Under 
natural conditions, however, breeding did not take plaee until after the rain.s 
had come and it wa.s not until the beginning of September that records could 
be obtained. 

This is not the .state f 1 aff'ajrs which obtains in all part.s of the Punjab, 
for in the moister places (Gnrdaspur. Amritsar, etc.), it was found in the begin- 
ning of August that C. onjzw had been active for some time, but in these parts 
the rainfall is higher than that of Lyallpur, and July is usually a w et month ; 
and this would produce conditions favourable to the development of the 
insect. 

' Hooper, D. Damage by wheat weevil. Appendix N, hulinn n'hfnt nvd grain devaiors, 
by F. Noel Paton. 

■2 Noel Paton, F, Indian wheat ana grain elevator)*. Government Press, Calcntta, 
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The way in which thia insect reacts towards the conditions ol moisture 
in the wheat lias been recorded by Lefroy' (1909) and Fletcher (191 1 ),- and will 
be dealt with again subsequently (see page 261 et seq.). 

When conditions in Lyallpur were such that the insect could breed under 
natural conditions, this went on at quite a rapid rate, tho period between 
the laying of the eggs and the emergence of the adult from tho pupa case being 
as short as 22 days. This rapid development went on uninterruptedly until 
the end of September. In October and November the period required for 
development lengthened until it had reached a maximum of 50 days. By 
December and January tho period had extended to a maximum of 85 days 
(2nd November 1914— 25th January 1915) and after this, development ceased, 
the insects remaining in the larval stage in the grains of wheat. The following 
table gives some examples of the period required for development at difierent 
periods ; — 

Table XV. 


Dato of oviposition 

Date of emergence of adult 1 

i 

Period in days 

* 1914 

1914 


12th September 

2nd October 

21 

19tb 

nth .. 

23 

2nd October 

29th ., 

28 

20th 

4th December 

46 

2nd November 

25tb January 1915 

85 

3rd December 

5th April 1915 

124 


The number of generation!!. The number of generations in the year is 
determined by the period during which the conditions are suitable for the breed- 
ing of the insect. This varies with different parts of the Punjab. .4t Lyallpur 
where the insect begins to breed so late in the year there ate probably only 
three or possibly four generations. 

The effect on the grain. As in tho case of R. dominica the most noticeable 
effect is that produced by the adults. The effect of the activities of the 
larvse on the grains is not easily distinguishable since they do all their work 
inside the grains. The adults gnaw small almost circular holes into the 
grains, their long snouts being particularly adapted for the purpose. They 
do not, however, consume the entire starchy contents of the grains in the way 
that R. dominica does, and in this way the attacks of the two insects can be 
distinguished. 


• hoc, cii. 


• Loc, cii, 


3 
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The amount of damage which this insect is capable of doing has been 
discussed by sevcTal wiiters. Hooper' (1913) says that the damage effected 
bv 50 weevils (sexes not stated) and theii- progeny in 100 grams of hard wheat 
was a loss of 26% by weight, 65% of the grains being found to be wenviled; 
the experiment having extended from 12th April to 12th .Inly. 92 days. Flet- 
cher^ (1911) also states that “ a large number of weevils ” put into 1 seer (2 lb.) 
of wheat effected in 167 days a loss by weight of roughly one-third, but makes 
the reservation that it is difRcult to estimate the actual damage. It is clear 
that the figures obtained from these experiments although of scientific iirterest 
cannot be taken as an indication of tire amovuit of damage caused by the 
insect under normal conditions, siiree the conditions under which they were 
carried out do not in any way approxinrate to those under which the insect 
usually lives, and the relation between tire number of weevils and the quantitj' 
of wheat infected is disproportionately exaggerated. In fact it is almost 
impossible to elaborate an experiment, or series of experimeirts, which would 
give- any reliable data, because of our igirotance of the individual conditions 
which obtain in each case. The factors which control the final result are so 
numerous and so many of them are unknown, that any attempt to approximate 
to them is practically impossible. No attempt was made therefore to do this 
experimentally, but information on the subject was sought from grain dealers 
and others and the question will he. dealt with in another place. 

Tribdihim caxlmieum Hh.st. 

Plate TV, 

As has been previously stated this insect is not an active agent in the 
destruction of good wheat but lives on grains damaged by other insects and 
in the dust or ftass prtduced by their attacks, and iir reality it is a flour beetle. 
Lefroy^ (1906) mentions it as “ feeding upon grain, biscuits, and having a great 
liking for dried insects ” and calls it the led grain beetle. The same author 
records it again"* (1909) as “ reared from wheat grains, wheat flour and oat 
meal as well as dried insects,” but no details of its life-history are given. Flet- 
cher® (1914) gives some details of its life-history and gives it the status of 
“ a serious pest of stored products not only by the actual quantity eaten but 
on account of the extremely nauseous smell and taste which it communicates 
to infected substances.” 


I Loc. cit. 
* Lor, cit. 


^ fjOC. cIt. 


8 Loc. cit. 
* Loc. cit. 
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The egg. The egg is small, slomler, cylindtical in shape, loumled at both 
ends and of whitish colour. The eggs arc laid siugU- among the dust and floury 
matter in which the insects live and as they ate .stickv wlien thev are laid they 
become covered with small particles of dust and flour which adhere to the 
surface. This renders the eggs very difficult to find. 

The number of eggs laid by a female wa.s not determined, but thi.s is 
probably considerable judging by the rate at which this insect will increase 
under favourable conditions. 

The hn'd. The freshly-emerged larva is about 10 mm. long, yellowish- 
white, slender, cylindrical, the thoracic segments narrower than the abdominal 
ones. The terminal segment is furnished with a pair of spine-like appendages, 
and all the segnient.s have on them a number of fine hairs. When freshly 
emerged, the larva is beautifully translucent as if it were made of glass. 
.\fter a while it becomes opacpie with the ingestion of food,. Tlie most 
remarkable thing about the dovclopmcut of tlte larva is the short period 
between the .succe.ssive moults and the numbei «f them. The first moult 
often occurs the day following the omorgcnco of the larva, and in Die (-arlier 
stages the moults may succeed one another at intervals of two days. In 
the later stages a little longer period intervenes. The following table gives 
two examples of this : — 


Date 

: Date of 1 

i Date of 

Date of 

1 Date of 

i Date of 

Date of 

Date of 

of 

first ! 

second 

third 1 

1 fourth 

, fifth 

sixth 

seventh 

hatcliin/? 

1 moult j 

moult 

moult j 

moult 

moult 

moult 

moult 


18 Aug. 14 19 Aug, 14 I 22 Aug. 14 24 Aug. 44 26 Aug. 14 i 28 Aug, 14 1 Sept. 44 5 Sept. 14 
23 Sept. 14 j 21 Sept. 14 j 27 Sept, 14 , .30 Sept 14 , .3 Oct. 14 i 7 Oct. 14 11 Oct. 11 19 Oct. 14 


The usual number of moults is seven as recorded above, but variations 
have been noticed, eight moults being recorded in one case, and six in another. 

As development progresses tlie colour of the larva ch.ange.s until in the 
later stages it assumes a reddish-yellow colour, the colour being particularly 
developed in the head and the appeiidage.s of the terminal segment. 

The full-grown larva is 6'3 mm. long and is of a general reddish-yellou 
colour. The head is much darker in colour and also the appendages of the 
last abdominal segment. The .shape closely resembles that of the eisrlier 
stages. The eyes are distinct and the anteniue well developed. All the 
segments are tutui.shed with fine hairs. 

The pupa. This stage presents no striking features. The pupa is naked, 
yellowish-white, tlie dorsal surface covered with pale-coloured hairs and the 
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terminal segnieut with two spinc-like processes resembling those possessed by 
the larva except that they are not pigmented. 

The adult. The mature insect is a small reddish-brown beetle 3'5 imii. 
long. The head, thorax, and abdomen are distinct and the antennae well 
developed. 

The insect is very common in the wheat stores in the Punjab, sometimes 
being present in extraordinary numbers in wheat which has been attacked 
by other insects. This is especially so when the wheat has been damaged 
by C. oryzw or R. dominm, both these insects producing a large quantity of 
dust and frass upon which the insect can live, but as has been previously 
pointed out this insect docs not damage good wheat. 

The length nf life-history. This is apparently short under favourable 
conditions, the shortest period observed being 26 days (August-September). 
Considerable variation was noticed and in one case the period was extended 
to 59 days (August— October). 

iMtheticus oryzm Waterh. 

Plate IV. 

Although the -specimens from which the original description of this insect 
was made came from Calcutta (Chittenden 1911), little or no attention has been 
given to it by Indian observers. Leftoy does not mention it in either of his 
books, and Fletcher' (1914) includes it in a list of insects attacking stored 
produce, but gives no details regarding it. It occurs fairly commonly in wheat 
stores in the Punjab, and a number of places in which it has been found are 
recorded on page 168. 

The egg. The egg is shorter and broader than that of T. caslanevni and 
ovoid rather than cylindrical in shape. It is opaque and the surface is 
smooth. 

The larva. The freshly-emerged larva is very similar to that of T. 
castmenm, in fact in this stage it is very difficult to distinguish between 
them. The general colour is a yellowish-white with a slightly darker pigment 
on the head and appendages. 

The full-grown larva, however, is easily distinguishable from that of T. 
castaneum being slightly shorter in length and lighter in colour, especially the 
head and appendages. The spine-like appendages to the last segment are also 
difiecent in shape and lighter in colour. The segments are furnished with 
numerous light-coloured hairs. 


‘ lioc.cit. 
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The number of moults passed through by the larva was found to vaiy 
from six to nine. The earlier moults followed in rapid succession, but the 
period between the later moults became gradually more extended. 

The pupa. This stage is easily distinguishable from the corresponding 
stage of T. caslaneum. The pupa is on the whole more slender, the thorax 
is not so clearly diflcientiatcd from the abdomen, and the wing cases are 
larger. In other respects the two stages are very similar. 

The adult. Although closely re.sembling T. mslmeum in many respects, 
vet careful examination reveals many differences between the two beetles. 
C'luttonden* (1911) characterizes the species as General form of T.fei niyi- 
iieuiit, F., but lather narrower and the head relatively longer and broader and 
more square in general outline. Forehead and the middle of the epistoma 
gently conve.x, the former not very thickly but very distinctly punctured, 
about twice as broad as long, oblitjuoly (but not much) narrowed anteriorly, 
declivous in front, impressed at the sidc.s. emarginato in front, the ocular 
cauthus not much encroaching upon the eyes. Antcnn* rather short, thickest 
at the eighth joint, so that their general outline is somewhat fusiform. Thorax 
very little broader than the head across the eyes, a little narrower behind, 
very distinctly l)nt not very thickly punctured : the angles obtuse, the sides 
somewhat straight very finely margined. Elytra as wide as the broadest 
part of the thorax, parallel, their surface somewhat uiiovcu or AM'iukled, each 
elytron with four or five scarcely impressed lines, with somewhat large punc- 
tures, tlio lines somewliat irregular or here and there iirterniptod, legs rather 
.slender (Waterhouse).” 

To this description no additions are necessary. 

Lemjth of life-hktonj. Tins has ordy been worked out in a general way 
as the insect is not an important one. The shortest period observed was 25 
days (August-Septeinber 19U), but during the same period tlie length of hfo- 
history was as extended as :f9 days. The larvtc throve better oir ordinary 
Hour than on the floury frass produced by other iirsects. 

Losimphlceus sp. 

Fl.vtb IV. 

The specitireus of the msect fouitd in the Punjab are apparently differ- 
ent from those of L. pusiUus and its identification is still nircertaiii. 

The egg. The egg is small, slender, cylindrical in shape and rounded at 
both ends. In colour it is a beautiful translucent white. The length is 0 6 iiin^. 


’ Loc. cit. 
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The hmi. Tlio Ireshly-emerged larva is about 0'7 nun. long, yellowish 
whita, the head, and the spine-like appendages, on the anal segnieait, reddish 
brown. 'I'lie larva is cylindrical in shape tapering a little to each end. 

The full-gi'own larva, however, is dillerent in shape. The head and thorax 
are narrow, gradually widening po.steriorly, but the segments of the abdomen 
arc markedly longer and broader, becoming progressively so until about the 
fourth segment which is the broadest, and then tapering away again to the 
terminal segment which is furnished with two pigmented spinedike append- 
ages. The segments show a gradation in colour along the edges which gives 
them a margined appearance. Each of the abdominal segments is furnished 
with a few tine hairs. The general colour of the larva is a creamy-white with 
the exception of the terminal segment which is a reddish-brown. The 
full-grown larva is 4 mm. long and O o mm. across the widest part of the 
abdomen. 

In the course of its development the larva casts its skin four times, the 
last moult revealing the pupa. 

The jMjKi. This is a curiously contracted, angular looking stage, and is 
small compared with tlio lirva. It is creumy-white and is about ]'75 mm. 
long. Beyond its rather remarkable aiipcaraiice it has no other noticeable 
oharaoteristio. 

The adull. The mature insect is a small flattened beetle about 2'U mm. 
long. The general colour i.s a fiisciis brown but the lieud and tliorax are 
darker in colour, tlie antciina! are liliforni. 

The lengih oj tije-hi^lorg. Erom the tow e.xampios reared througli, there 
was found to be a good deal of r aiiatinn in the period occupied by tlio insect 
in completing its dovclepinout. The shorto.^t period noticed was IfG da\s 
(Septcmber-October but even during this period of the year the mmiber 
of days was as many as lb in one case. 

The adult beetles are sometimes capable of living for very extended 
periods. I'or example, a male and a female beetle rvere found copulating on 
16th March 1911 and wero Lsolated. One bcetlo lived untd 21st May, and 
the other died only on 10th November. During this time the insects had 
been fed on flour, and although soon alter they were isolated a number of larvae 
were soon, these apparently did not mature. The femidos apparently pair 
with the males several times during their existence. A male and female, 
found copulating, were isolated on 17th March 1914. On 4th April they were 
observed to bo again coupling, and this was also noticed oii the following 
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dates ;-5th, 6th, 7th, and 17th May and 11th June. The male died mi 29t)i 
June and the female nii lOtli August. 

Sitolrogn Cerealella Oliv. 





Flu. 1. 

This small moth was found fairly commonly in the Gurdaspur district, 
hut docs not socm to be important in other parts of the Province. 

The eyy. This h small, pinkish in colour, about (to mm. long, ovoid in 
shape, one end being wider than the other, and both ond.s are rounded. The 
surface of the egg-shell is striated longitudinally. The number of eggs laid 
by each female is about one huiidied. Of throe females kept under observa- 
tion one laid 118 eggs, another 87 eggs and the third 80. The eggs are laid in 
clusters in any convenient position, often in the groove in the grain or in holes 
in the grains made b}' other insects. 

The lurm. The Ireshly-eraerged larvae are very small and extremely 
active. They crawl about the grams in search of a suitable one to attack, 
and generally effect an entrance through a crack or abrasion in the pericarp. 
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Having once entered the grain the larva remains inside it for the remainder 
of its development. 

The full-grown larva is a small grub or caterpillar about 5 0 mm. long. 
The head is small, light brown or yellowish-brown in colour. The 'thoracic 
segments are furnished with three pairs of true legs, and there ar.: also four 
pairs of prolegs, one pair on each of the third to sixth abdominal segments. 

When the larva is ready to pupate it extends the cavity which it lias 
excavated to the outside of the grain, and a small liolc is gnawed out on tlie 
surlace of the grain. The larva then spins a thin cocoon of silken material, 
and one end of this cocoon projects through the hole made in the surface of 
the grain, giving the appearance of a small blister projecting from the surface. 
Tlie larva then pupates inside the cocoon. This piercing of the side of the 
grain is a provision to enable the moth, when it emerges from the pupa, to 
leave the grain easily, for the moth itstdf is much too delicate to force or 
make its way throngli the tissues of the grain without some provision being 
made for it. 

The pupa. This stage is a typical lepidopterous pupa, and offers no 
special points for remark. 

The udull. The mature insect is a small moth 6’25 mm,, from tip to tip 
of the wings, which arc delicate and heavily Itiuged with hail's on the posterior 
margin. The antenna; arc long and filiform, practically free from hairs, and 
the labial palps are long and project anteriorly from the head, 

The moth emerging from the pupa breaks throngb the silken cocoon wliere 
it projects beyond the surface ol the grain, and creeps out. It then gradually 
makes its way up between the grains to the surface of the wheat whore it 
pail’s. The female then lays her eggs and dies. A very efficient way there- 
fore of preventing the increase in iiiunbers of this insect, would be either to 
fill the receptacles containing the wheat right to the top, so that no space 
would be left at the top for the insects to pair in, nr to produce the same 
state of affairs by covering the wheat with guimy bags or chillais and fill up 
the space with bhma (broken wheat straw). 

The length oj life-hiiiory. In the period during which this insect was 
kept under observation, the length of life-history was found to vary from 
30 days (9th September— 8th October 1914) to 142 days (12th October 1914 to 
2nd March 1915). This latter extended period was perhaps exceptional and 
the larva was probably in a state of hibernation during the greater part of it, 
for several moths emerged alter a period of between 50 and 60 days, the eggs 



bABNES AXD GEOVF, 


205 


for all of them having been laid ou the same date, viz., 12th October 1914. 
Between September and December the length of life-history gradually increases 
from 30 d,ays to about 03 days and then the larva probably goes into 
hibernation. 

Pap.a.sites. 

In examining wheat which was badly attacked by It. (httniniiM and V. 
nrtjzm a number of tiny black Chalcid parasites wa-s often seen, In cases when) 
large numbers of those two bo,ctle.s were being rearetl for experimental 
purposQ.s, the parasite was often noticed. No appreciable diminution iu the 
number of the beetles was, however, ever observed that could be attributed to 
the activities of the parasite, and from general observations iu wheat stores its 
effect as an efficient check upon the multiplication of the beetles never appeared 
marked. In any case, the parasite could not be used a.s a practical means of 
keeping the wheat free from the attack of the beetles, so that no further observ- 
ations were made upon it. No hymeuopterous parasite was ever observed 
attacking A. uiuluktlua. 

General Hemaeks. 

From the records which have hee.i given above it nill he seen that the 
three insects, . 1 . uii-l'datai. R. dominwi and C'- onfM', which are the most 
important agents in causing damage to .stored wheat in the Punjab, olfer many 
ditfercncos as well as ro-somblances, and the grain always seems to he liable 
to the attack of one or other of them, no matter under what conditions it is 
stored. As has been mentioned previously, the relativo importance of the 
three insects varies from place to place depending very largely upon the humi- 
dity of the place in question. It is very dilttcult to say therefore which is the 
most important insect of the three, or which is responsible for the greatest 
loss, bnt of the three it may ho said that .4. nmlulnlas seems to possess the 
greatest capacity for withstanding adverse conditions. It is handicapperl 
however from the point of view of rapid mnlbiplioation by the comparatively 
small number of eggs laid bv the female, and ui this respect R. dotiuiuctt and 
Q. orffzcG possess a distinct advantage, lu general, therefore, the attack of 
.1. iindubilii'i is as a rule coatimioiis and steady wliile that of C. ori/zm, and 
probably R. domiitim also, is somewhat discontinuous, depending upon whether 
conditions are favourable or not, but when things are satisfactory, they can do 
a great deal of damage iu a short time. This bears out the experience of grain 
dealers who say that when grain becomes attacked by smri (meaning 
C. oryzee and R. domiiikn) then a great deal of damage is effected in a short 
time, but that khapra {A. undukitus) works more slowly. 
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How infection, tnl'es phce. The question often arises how stored grain 
becomes infected. As far as the conditions under which the ordinary grain 
dealer stores his wheat are concerned, infection invariably results from the 
storehouses and godowns containing numbers of insects when the wheat is 
put into them. It has been pointed out above, how the larvae of A. undulatus 
hibernate in the cracks and crevices in the walls of storehouses and the same 
thing applies to the adidts of 6'. oryia: and R. dominica, it is therefore no 
matter for surprise, when the perfunctory cleaning process to which the grain 
.stores are usually subjected is considered, that the newly-stored wheat becomes 
infected at once. This is probably the most important source of infection 
under the methods of storing wheat at present in vogue in the Punjab, for it 
is almost impossible to conceive of a building which would offer more conve- 
nient lurking places for insects, than tlie ordinary godown or hotha with 
its walls of imperfect masonry, often covered witli mud plaster full of cracks 
and crevices, and the general indifferent state of repair in which the place.s are 
kept.. 

Apart from these considerations the grain is probably open to infection 
in other ways. .\11 three insects possess wings in the adult state and R. domi- 
nica has often been caught Hying, and thougli the other two ha\ u not, yet 
theio does not seem to be any reason why they should not. None of the 
insects, however, have been found attacking wheat iu the field or on the 
threshing floor, though here again, considering the time wheat often lies about 
in the open before it is stored, il is not impossilde that adults may visit it aiul 
depo.sit eggs among the grains. Samples of wheat from threshing Moors have 
not, on o.xamination, confirmed this, and it is probable that the fact that 
the heaps of grain are usually left iu the suii, would prohibit the advent of 
the beetles, as these insects arc essentially iidiabitants of houses and store 
places and not outdoor insects. In any case it is certain that iu the Punjab 
where wheat godowns are often Imilt iu rows, insects pass from one chamber 
to another and e.\teml their depredations iu that way. 


The extent oe the damage caused bv the In.sects. 

It has been stated above that no experiments were carried out to test 
the amount of damage caused by these throe insocts owing to tho practical 
difficulty of raproducing tho extremely varied conditions under which tho 
insects live iu nature, and unless this is done the figures obtained are of little 
practical value. Enquiries wore made, liowever, trom grain dealers in the 
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various places visited, as to the amount which they leckoued to wTite off 
each year as loss due to insect attack. The replies, as expected, u ere varied, 
some being as small as two pet cent, and others as much as five or seven 
per cent., and the general impression was that the average less per annum 
was about two and-a-half per cent. .\11 were practically unanimous in sa\ ing 
that sosrt (C. ortjzm and R. dnminicu) when it occurred, produced more loss 
than kltapm (J. iimhihlus). but as has been pointed out A. undulalm work,? 
more continuously than the other two and is perhaps responsible for more 
general damage than the othei-s. That it is sometimes responsible for con- 
siderable damage is shown by some figures supplied by Rai Sahib Sowak 
Ram of Gaiigapur, who during the season 11)11-15 lost 300 mauiids of wheat 
out of 5.000 inaiiuds, cliietiy owing to the depredation of A. und'ihU'U. 



CHAPTER II. 


TTrst Series of Chemical Experiments. 

In 1911 sonic cxpei'imunts wei'c .started at Lyallpuv to ascertain if any 
simple and easy metliod could be devised for iminuniziug stored grain against 
the attacks of iiiseet [lests of tlic “ weevil ” type. 

Sueli metliod must a priori aim at .simplicity, cheapness, and freedom 
from danger, and must leave the grain in an undamaged condition both as a 
food anil for seed purposes. Since these insects are found for the most part 
in mud huts or other similar dirty places used as granaries by the Punjab 
villager, one of the first tests made was the substitution of a cheap galvanized 
iron bin for the common stoic which is usually only the earthen floor of a 
mud hut. Ill order to keep down the cost of construction the bin was made 
of thin galvanized iron ('Odi" thick No. it B.W.G.). This runs about 
106 square feet to the cwt. and costs at Lyallpur Rs. 13 - per owt. They 
were made cylindrical in shape ; one bin being 8 feet deep with a diameter 
of 51, feet and the other 7J ft. deep with a dianietcr of 61 feet. Both were 
suppoified on the outside by a roughly made mud wall about twelve inches 
thick. The bins were roofed over with iron sheets to prevent the rain water 
getting in. but as the roof did not project over the walls to a sufficient extent 
the water was blown in under the eaves during the monsoon rains in the first 
season. This defect was afterwards rectified. 

One of the principal objects of tliese bins was to test the lethal effect of 
carbon dioxide gas on the weevils and so all joints Were soh’ered alter the 
edges of the plates had been riveted in order to prevent the gas from leaking. 
Cola* experimenting with C. oryzm and C. grmmria showed that these 
insects remained alive for several days in moist air containing 80% of carbon 
dioxide, but that the pure dry gas was very fatal, acting either as a poison or 
as a desiccating agent or both. Cole regards moisture as the important factor. 

Lefioy^ cousidei's that sun-dried wheat to which moisture does not get 
access is immune to insect attack provided it contains 7% of moisture or less . 

'Cole. Journal <jf Bcommic Biohgy, I, — 71. 

* Private commuiucation bj letter, September 1913. 
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W« shall show later that this opinion appears to he based upon insulli- 
cient information both biological and physical, since bo refers onlv to 
C. oryzce. 

The wheat harvest in the Punjab falls in the months of April and illay. 
usually commencing about the middle of April. The harve.st is threshed 
during the dry hot month of Hay when the temperature of the air is frequently 
higher than 115 F in tho .shade and IGO^F by the black bulb theimometei 
in vacuo. 

The following table shows the moisture contents of average samples 
of wheat harvested and threshed under ordinary country conditions at 
Lyallpur : — 


Table XVII. 

Showing the amount of moisture jrresent in freshly harvested wheat in the Punjab 
{Lyallpur), June, 1914. 


Hard WHE.rr | Soft wheat 



in 4 days 

•2-03% ; 

1 * 76 " 

Moisture lost at 70 C. ' 




. in 18 days 

fii?;, i 


Moisture lost at lOO'C. ■ 

in 1 day 

8-7% i 

8-6% 


. in 1*2 days 


8 - 8 % 


Such wheat as this thou practically complies with the conditions 
suggested by Lefroy as requisite for immunity against insect attack. It might 
be thought that wheat takes up moisture in some quantity during the 
succeeding moist months of July and August, when the monsoon is in 
progress. To test this, samples of both hard and soft wheat were purchased 
from week to week during the season, in the Lyallpur market. These samples 
represent wheat grown in the preceding season, threshed in May, and stored 
either in the Lyallpur market or in the villages of the surrounding district. 
From the number of samples taken we may assume them to be truly 
representative of the stored grain found in this tract during the months of 
July to November. Tables XVIII and XIX show that the moisture content 
of the wheat has not advanced to any considerable extent over that of the 
recently harvested grain in May, the wheat still remaining in what we 
should ordinarily term a “ dry ” condition. 
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Table XVII I. 

Shnu'iruj the amonnl of moisture present in bazaar [Lyallpur) wheat (hiriny 
the months of July, August. September, October and November 1914. 


Variety . . . Soft bazaar wheat. 


Date of 


MOISTUBB % JT 

70-C. 

MOISTPBE % AT 1(J0°C. 

purchase Date of 
of the experiment 
sample 

Loss % 
in 24 
hours 

Further 
loss % 

Total 

moisture % 

Loss % 
in 24 
hours 

Further 
loss % 

Total 

moisture % 

•2-7-19U 

21-91914 : 

to ' 

8-10-1914 

l-K 

197 

6-49 

7-32 

1*85 

917 

S-7'191i 

Do. ; 

5-92 ' 

150 

7-42 

8-32 

1 42 

9-74 

137-19U 

Do. 

4'95 : 

1-99 

8-94 

7-34 

l’8l 

9 15 

IS 7-1914 

Do. 

6*05 

150 

7-5.5 

8-37 

155 

lO-Q-’ 

28'7-1914 

Do. 

5-90 . 

1-60 

7%'i0 

8-2.3 

172 

9-95 

19-S1914 

Do. 

D'gi 

1-70 

7-61 

7-99 

2-03 

10-02 

29-8.1914 

Do. 

6-7B 

1-96 

8-72 

9'76 

D29 

1M15 

12-9 19H 

Do. 

.532 

2-00 


S'02 

ISl 

9-83 

ir)-9l914 

5-111914 

to 

25-11 1914 

399 

I'fiO 

5*59 

7'17 

0-69 

7-86 

30-91914 

21219U 

to 

15-12-1914 

4 m 

2*-58 

7’47 

8*41 

0-79 

9-20 

7-101914 

511-1914 

to 

25-11-1914 

5-49 

2*08 

7-57 

9-31 

0'79 

10-10 

17-10-1914 

Do. 

617 

1-90 

807 

9'2.5 

0 86 

UMl 

•2310-1914 

•23-11-1914 

to 

15-121914 

5-5.3 

2-27 

T-SO 

9*.34 

U-42 

9'76 

2910-1914 

Do. 

6-97 

218 

1 8*15 

9-88 

0-16 

10-04 

7-11-1914 

Do. 

6-08 

2*35 

1 8-43 

9'6l 

0-53 

10-14 

1211-1914 

Do. 

5'87 

2-10 

! 7-97 

i 

9-48 

0-54 

10-02 
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Table XVTTT — {nmtimted). 


Showing the iimount of iiioislure pi'esenl in bnzanr (Lgnllpur) niieal during 
the months of Jitlg, Angnst. Seplcmher, October mid Xocemhcr 1914. 
Vavietv . . . Soft, bazaar wlicat. 


i 

Pate of i 
purchase of i 
the sample j 

1 

1 


Gerroina i 
tion vaino 1 

Germination" VALtE 
AFTER HEATING THE 
SAMPLE AT 70 C. 

Germination v allk 

AFTER HEATING THE 
SAMPLE AT 100 C- 

experiment 

i 

of fresh 
sample 

r, r,. At the 

For 24 Qf 

icxperimenl 

close of 
'experiment 

2-7-1914 

219-1914 

to 

9-10-1914 

99 i 

99 S 

! 

96 

Ml 

Ml 

8-7-1914 

Do 

luo ; 

i 

Ol) j 

9S 

Ml 

Ml 

13-7-1914 ‘ 

Do. 

99 : 

9S 

94 

Ml 

Ml 

18-7'1914 

Do. 

92 

1 

94 

56 

NH 

Ml 

29.7-1914 

Do. 

98 

109 

8H 


Ml 

19.9-1914 

Do. 

90 

93 

96 


Ml 

29.91914 

to. 

ft'i 

90 

90 

Ai7 

1 

Ml 

12-9-1914 

Do. 


99 

89 

Ml 

Ml 

13-9-1914 

.3-1M9U 

to 

2311 1914 

99 

9S 

99 

Ml \ 

AiV 

30-91914 

2 12-1914 
to 

10-121914 

98 

92 

' 

92 

aV(7 

Ml 

7-101914 

3-1 1-1914 
to 

25-111914 

i 

91 

94 

74 

Ml 

Ml 

171019U 

Do. 

j S9 

9.3 

86 

Ml 

Nil 

23-10-1914 

23 11-1914 
to 

13-12-1914 

! 

92 

9ri 

90 

Ml 

Nil 

29-101914 

Do. 

1 ” 

86 

SO 

Ml 

Nil 

7-11-1914 

Do. 

i 28 

25 

IS 

Aif 


12-11-1914 

Do. 

7.4 

72 

1 

1 45 

Ai7 

Ml 
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Table XIX. 

Shmt'ing the. amniml of mniMiire freserd in hazaar (Lyallpir) wheat during 
the months of July, August, Se-ptemler, Octoher and Novemler 1914. 
Variety . . . Hard bazaar wheat. 

i MoisroHf;%AT70“C Moisture % at lOO'O. 


purchase , 
of the i 
sample ' 

Date of 
experiraenl 

Loss % in 
*24 hours 

Further 
loss % 

Total j 
noistlire % j 

j098 % in 
24 hours 

Further 
loss % 

Total 

moi3ture% 

2-7-19U 

15-10-1914 

to 

•>9-101914 

310 

299 

! 

609 

7 -68 

0 90 

8-58 

8-7-1914 

Do 

2-78 

2-8.3 

561 

70S 

1-09 

8'17 

13 7i9U 

Do 

434 

2*90 

7*24 

8D6 

1’20 

9'S6 

: 

Do 

3'69 

2-8.5 

6-45 

7-64 

1*02 

8-66 


Do 

520 

1 

i 2*65 

7-85 

8'86 

1-24 

lOTO 

19-8-m4 

Do 

424 

1 •2’82 

7-06 

8-25 

ITO 

; 9*.35 

•29-8-1914 

1)0 

4T« 

j 2-40 

6-48 

7'73 

1'22 

1 

8*95 

i 

i'2.9igi» 

Do 

.516 

1 

•2-72 

7-88 

9-22 

1-30 

10-52 

1 

139-1914 

5-111914 

to 

•25 IM9U 

4'66 

200 

6-6B 

7^2 

0-94 

8'8i; 

30-9-19U 

Do. 

4*4G 

1-36 

.5-8-2 

7 40 

0-9.3 

S-33 

7-101914 

Do 

1 4'84 

. V84 

6 68 

7-78 

0-96 

8-74 

17-10-1914 

Do 

i 5*20 

1S6 

1 7-06 

8 -85 

0-91 

9 76 

•23-10-19U 

2311-1914 

to 

15-12-1914 

4-54 

2 511 

7-04 

8-73 

0-08 

8-Hl 

29-10-1911 

Do 

6-15 

l*9!t 

1 

8*05 

9-96 

0-66 

10-62 

■7-11*1914 

uo- 

5*38 

2-10 

7'48 

8-88 

0-48 

9-36 

1-2-11-19U 

Do. 

5-63 

2*72 

1 8*35 

9'48 

0*48 

! 9‘96 
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Table XIX — (cmthmeil). 

Showing the amount of mouliire present in bazaar (Lgallpur) wheat (hiring 
the months of -July, August, September, October and November 1914. 

Variety. . . 1 . . Hard bazaar wheat. 


Gkumination value i Germination vali k 

AFTER HEaTISO AFTER HKATINfi 


Hate of ; 
piiichase of 
the sample ' 

Date of 1 

Germiii.i- 
tion value 

S.AMPLR 

AT 70' C. 

SAMPLE 

AT lOO'C 

expeiimetit ! 

! 

i 

of frseh 
sample 

After 
heating for 
24 houn 

At the 
close of 
experiment 

After 

heating foi 
21 hours 

At the 
close of 
experiment 

2-7 1914 

15-101914 i 
to 

2910-1914 

99 

99 

100 

Nil 

Nil 

S7-1914 

Do. 

99 

99 

9< 

NH 

Nil 

1.3-7 1914 

Do 

100 

100 


Nil 

Nil 

IS.719U 

Do. 

99 

99 

97 

Nil 

Nil 

28 7-1914 

I'o 

90 

91 

S'- 

Nil 

Nil 

19-8 1914 . 

Do. 

S8 

S2 

S2 

Nil 

Nil 

■29-S 1914 

Do. 

95 

99 

97 

Nil 

Nil 

12-9-1914 

Do 

06 

97 

92 

■ 

Nil 

Nil 

15-9-19 U 

5-1M9U 

to 

25 11 1914 

94 

91 

S7 

0 

Nil 

39-9)911 

Do. 

99 

mo 

90 

10 

Nil 

7101914 

Do. 

97 

9.5 

95 

4 

Nil 

17-10-1914 

Do. 

100 

9S 

88 

Nit 

\ Nit 

•J8-1U-1914 

23-1M914 

to 

15 121911 

90 

92 

S7 

Nil 

^ Nil 

29-1019U 

D„- 

99 

100 

97 

Nil 

Nil 

711-1914 

D„ 

91 

90 

92 

Nil 

Nil 

121M9U 

Do. 

93 

94 

92 

Nil 
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THR ISRECTS ATTACKING STOKF.G WHEAT IN THE PUNJAB 


The grain was hard and there was no sign of germination or mould. It 
appears questionable if wheat is capable of taking up moisture from a moist 
atmosphere under ordinary conditions of storage. 

Physically speaking it consists of bad heat-conducting material and 
consequently it is unlikely to undergo the rapid temperature changes neces- 
sary to induce the condensation of moisture from a moist atmosphere, fol- 
low conductivity also means that it is a poor radiator of heat. During germi- 
nation the grain appears to take up water only in the liquid state, for in 
experiments conducted by one of us to determine the amount of carbon dioxide 
given off during germination no germination took place unless the grain was 
in contact with a water film. In this way the grain is protected against 
germinatiou under unsuitable conditions. The slight increase in moisture 
during the month of July and subsequent damp periods is probably surface 
moisture and insufficient to be taken up by the grain substances. This appeals 
to be borne out by the figures of Tables XVH and XVIII which show that more 
moisture is lost at 70'C' during the first twenty-four hours than is the case in 
the freshly harvested wheat. 

The case is not the same as starch itself, though this i.s one of the principal 
ingredients of wheat, and notwithstanding that commercial starches are very 
hygroscopic and contain from Id®-;, of water in the case of ordinary commercial 
starches’ to 20 4% in the case of air-dried potato .starch. - 

In the wheat grain the starch is enclosed in a cellular envelope which 
evidently does not allow of the ready access or loss of moisture in the form 
of vapour. The same probably applies to the protein and other chemical 
contents of the endosperm. We conclude therefore that ordinarily speaking 
wheat is not a hygroscopic substance and cannot take up much more moisture 
than it contains at harvest time, the time when the wheat is at its driest and 
that “ moisture ?« the wheat ” is not the important factor in insect attack. 
Our results for the moisture content of wheat do not agree with those quoted 
by Fletcher.^ This author makes no mention of the conditions under which 
the moisture determinations were made. 

•2. Eari-y experiment.s with carbon dioxide. 

In selecting a germicide for use in India on such a common article of food 
ds wheat, the range of chemical substances at our disposal is considerably 
nanowed by the cheap and ignorant labour which will be employed in its 

^ Wiley. AgricuUural Analy^iB. Vol. Ill, p. 368. 

* Davis and Daish. Jmr. Agri. Science, Vol. VI, Part II, p. 165. 

8 Fletcher, T. Bainbrigge. Weevil and Dry Wheat, Agri. Jour. Jndia, Vol. VI, Part IV, 
October 1911, pp. 340 — 341. 
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application. Kven in a large and modern wlieat store like an elevator we 
in India cannot eliminate the Indian coolie and it is more than likely that the 
use of such sitbstance.s as carbon disulphide, benzene, hydrocyanic acid, will 
raise the insurance ratft.s to a prohibitive figure, for thoir use in this country 
would sooner or later be attended with serions accident.'^. The possibility of 
their use by the Indian villager in his granary is even more remote. We 
therefore differ from Lefroy when he says that carbon disulphide ran be 
used in the new elevator to bo erected at Lyallpiii'. In \ t(;w of this and a.s 
Cole’s results were bv no means conclusive or cxhairstive, it was thought 
advisable to test once more the effect of carbon dio.xide. as this gas if it could 
be rendered eft’cctive woidd be cheap and easy of application and practical!} 
free from danger in an elevator. .\t the .same time we decided to take records 
of its effect upon the germinating value of the grain. 

Badcocki states that com (Zm Maijf) stored for thirty clays in a sealed 
Hash- with carbon dioxide failed to germinate at the end of this period, so the 
process to bo successful would have to be applied cither for a sufficiently short 
period ill the case of strong admixtures of carbon dioxide, or for longer periods 
for the gas iii a mote diluted form, but iiiall cases for such a time as will leave 
the germinating power unimpaired. 

The gases of storeil wheal ami the. effed of carbon <lm ide an the germiiwluig 
power of the grain. The anioani of rarbon d,o.r/* gken out bg stored 
wheat. 

Wheat like most seeds gives out carbon dioxide when in the dormant 
condition. Since the seed is dry during this period the carbon dioxide cannot 
result from the combustion of the carbohydrates of the endosperm, for these 
onlv become available as a food after the hydrolysing action of such enzymes 
as amylase and cytase which are oulv active after the grain is tl.oroughly 
moistened and at a suitable tcmpevatiire. It must result therefore from the 
gradual decay or combustion of material in the embryo itself. This is borne 
out by the obsorvatieu that in old stored grain the embryo is found to be 
much shrunk while the food materials of the endosperm are unimpaired. 
Indeed verv often the grain has lost the-power of germination by reason of this 
death of the embrvo though it may still servo as a perfectly good food. As 
soon as germination sets in. the evolution of carbon dio.xide rapidly increases 
through the combustion of a large portion of the carbohydrates of the 
endosperm. 

The bins mentioned above were charged with wheat on 12th Juno 1911, 
and the ait in one bin displaced with carbon dioxide on the 1st of August. 

1 Jtadcock. Wisconsin Stalioii Sesearch Bull. PP- ^7— 181. 
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THE TNRECTS ATTACKTKn STORED WHEAT IN THE PUNJAB 


Samples of the hin gases were withdraw on 4th April 1912, and their analysis 
gave the following figures ; — 

Table XX. 


Anoh/sis nf gases from wheal bins. 1011-12, 


Bin (A) 

No carbon dioxule added 


Carbon dioxide per cent 
in the bin gases 


Oxypn per cent, in tbe 
nin gases. 


Germinating power of a 
sample from tbe 
middle of the bin. 


Bin (B) 

Carbon dioxide added 


ITi) 

191 

16-0 

1C*3 

}top 

190 

16-7 

Middle 

19 2 

16-8 

16*4 

1 Bottom 

f :i-6 

5-2 

Top 


6*7 

) 

[ 3-4 

5-2 

>Middle 


4-7 

} 


4-3 

Bottom 

97'!,, 


93% 


•of the bin. 


fof the bin 


On opening the bins and extracting the wheat, it was found that the grain 
in (A) had become wet through the monsoon rains having blown in under the 
edges of the roof, and as the bins had been constructed to bo water-tight at 
the bottom and sides, this water could not drain away and was consequently 
absorbed by the wheat, indneing partial germination in about 1| feet of 
giain at the bottom. 

The grain was mouldy and we account for the high percentage of carbon 
dioxide in this bin as derived from the germination of the grain, for in the 
following year the bins were again filled with wheat and the roofs reconstructed 
so as to tender them waterproof against wind-driven rain and the following 
table shows the analysis of the gases obtained 


Table XXI. 


Showing the analgsis nf whettl hip gases, 1912-13. 

Bin (A). Bin (B). 

Sn cirbon dioxide added No cnvbon dioxide added 

Carbon dioxide percent I .T9G ) bottom of the 4*27 I half wop down the 

in the bin p;aBes \ 0 84 > bin 4’3d J bin. 

l.gl 1 bottom of the bin. 

Germinating power ... 96% 98% 

The oxygen contents of these bins A and B in the 1911-12 experiment 
also show that in the case of .A some 78% of the oxygen originally present in 
the bin gases has been “ consumed ” and in bin B not less than 71%. In 
1912-13 unfortunately no record was taken of the amount of oxygen present 
at the end of the experiment. It appears from these figures that in a bin of 
190 cubic feet capacity and a depth of eight feet the gases of the bin after the 
wheat has been stored for eleven months contain only 5-9% carbon dioxide 
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and in the shorter bin of greater capacity having a depth of 7J feet and 248 
cubic feet capacity, only 4'5% of carbon dioxide. This carbon dioxide is 
produced as a result of the respiration of the stored grain and is probably 
derived entirely or almost entirely from the combustion of nutrient substances 
of the embryo itself. 

We do not know at what rate carbon dioxide Is respired by stored grain, 
it probably differs with temperature and nioi.sture conditions, increasing as 
the temperature rises and as the amount of moisture and available oxygon 
increases. Whatever has been the rate of carbon dioxide production, the rate 
of diffusion has evidently been sufficient to lower the percentage of this gas 
to about 1% under the conditions of the above e-xperiment. 

In Table XX bin B was r-hargeil witli carbon dioxide by a pipe entering 
the tank at the bottom, using a cylinder of compressed gas and admitting 
the gas from it into the bin slowly so as to displace the air above. In this 
manner wo displaced the whole of the air. But at the end of eleven months 
the bin gases only contained about carbon dioxide so that diffusion 

has evidently not proceeded further than this within eleven months. In bin 
\ of the same year carbon dioxide production was proceeding at a faiily 
high rate long after the date on which B had been cliarged witli this gas 
due to the accidental introduction of water and the couseiinout wetting and 
partial gerinination of the grain. 

In taking samples of gases from the bins in tlie above expeiinients. small 
copper side tube.s haxdng a bore of 11 mm. were sold red into the bins during 
its construction. These were attached to a bulb filled with niorcury and the 
gases draw'u in by allowing the mercury to How into a second bulb. By means 
of a throe-way tap the first three or four samples collected could be rejected 
without disoouiuicting the apparatus so ensuring a representative sample of the 
gas. 

Amount of carbon dioxide yicen old b'j (jei'iiiiiiutuig wlictd. 

To obtain some idea of the amonnt of carbon dioxide respired during 
germination the following e.xperinient was mad > ; — 

Into a tube (18 cm. x 1 cm.) wore placed some glass beads, and 2.j cc. of 
boiled and cooled water. Above the beads were placed 50 grama of wheat 
which had been washed with boiled and cooled water. 

The tube was then stoppered with a rubber bung and completely im- 
mersed in the water of a constant temperature bath - at 52 C. Airangeiuents 
were made to admit pure air saturated with water vapour at laboratory 
temperature, the air being freed from carbon dioxide by soda lime and by 
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potash, and from spores, bacteria, etc., by passing through three Glover’s 
tnwors packed with sterile cotton wool 



Tile gases issuing 
from the germinatii'ii 
vessel pass upwards 
through a perpendi- 
cular condenser to 
ensure the return of 
any moisture tend- 
ing to distil over 
from the tube when 
this is at a higher 
femperature than the 
laboratory. 

Beyond this the 
gases are first dried 
and the carbon dio- 
■xide afterward.? ab- 
sorbed in potash 
bulbs anil in soda lime 
tubes, using ordinary 
precautions. 

Before commeneing 
the e.vperimeiit and 
after charging the 
tiibo.s witli wlipst, this 
and the coiiden.scr 
were sterilized with 
chloroform vapour 
for 1.5 minutes the 
vapour being after- 
wards removed by u 
rapid passage of 
sterile air. similar 
experiment was made 
to deteiniine the 
amount of carbon 


dioxide generated by the geruiinating grain without the passage uf air, tliat is, 
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supplying the wheat with only theak present in the tube and aspiraiiiig the 
carbon dioxide out into the absorption tubes at the end of the experbnent. 

Table XXII. 

Showing the number oj grams of carbon dioxide ecoleed daring the 
germination of 100 grams of wheal at a temperature of 

Tube A. — Moisii stekilk aik asfikatrd through thp Tube B— xo .air a?*- 

AFPARATUS DDRlNG THE EXPP.RIMEX’T PIRATED THROUGH 

DUKI.VG CERMI.VATIOX 


Date 

Pei iod of 

tirams of 
carbon dioxide 

Period of 

Grams of 

growth ii) 
Oay$ 

growth in 
days 

carbon 

dioxide 

M-U 

U 



0 

1 

i)'08 

10-4-U 

3 

•2'5 

3 

O'S 

11 4-11 

4 

306 

4 

1-76 

12411 

5 

:i-is 

5 

2-4 

134-11 

0 


6 

2 8 

U-4-11 

7 

4*14 

7 

2-9 

lo4 11 

}> 

4-70 

,s 

•2-96 

164-U 

9 

5'3I 

9 

2'99 

174-11 

10 

591 

10 

3'02 

•274 It 

20 

10-9-2 

20 ! 

3-5 

4-501 

30 

1.V54 

30 : 

3 -88 

15-511 

41 

19 00 

40 

3'9S 

•21.5-11 

">0 

19-60 

50 

i-()2 

•2-6-11 

<>•2 

•20-44 

70 

4-09 

10-6-11 

70 

->1-90 

130 

4-2'2 

17-G U 

77 

22-54 



•29-6-11 

89 

•25-34 



8-7-11 

99 

•27-3-2 


... 


A duplicate of this experiment gave 34 
i^rams of COo in 6u days front 
100 gt ams of wheat- 


Figuto 2 gives a sketch of the apparatus used aiul Table XXII and the 
curves in Fig. 3 (p. 220) show tlie results obtained. 

From these tables it will bo seen that when the grain is supplied with 
plenty ot air the anioimt of carbon dioxide produced \aiies Irum 27 to S-l'-),, 
of the weight of the gram, and when no ait bevoiid tint rontained in the 
germination tube is given, the amount of carbon dioxide prodnood is only I 'l® ,,. 
At the end of the experiincnt tlie contents of tlie tubes A and B were examined. 

A was found to contain a blackened mass of luisk.s and shrivelled sprouts. 
B had sprouted but oxidation had not proceeded far enough to produce dis- 
coloration. These observations are of some interest and importance and 
might with advantage be repeated and extended. They provide a partial 
explanation of the results of tlie first biir experiment where we found a high 
carbonic acid content in the bin gases ot that vessel to whicli water had gained 
admission ; evidently there was a sufficiency of both air and water to admit of 
extensive germination of the grant at the bottom of the bin and a consciptent 
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production of some quantity of carbonic acid. They show in a very marked 
iiianuer the importance of allowing for adequate soil aeration during germina- 


Fig. 3. 

Amount or Carbon Dioxide liberated 

CURING THE. GERMINATION OF WHEAT. 



a S 4 E I K) n 14 IE IS EO EE 14 :E » EE SI M EE ;e EE El «i EE 44 EE H 


■' I TIME IN DAYS 

S A. .Air aspirated Ihroughlhe grain (aijJ August 1911 to istlOctoberisii.) 

B .Air aspirated IhrouOliIhe gram (,7* April 1911 lo ss July i9i\) 

C..Graingermmaleri inclosed vessel no air aspirated ihroughlhe grain [asApril isn lo 

tion— a point of considerable iiuportance in the tanning of canal-irrigated lands 
in the Punjab where the presence of a line clay iji the canal water tends to 
produce an intensely hard surface crust ol an almo.st cement-like nature. 

Wheat was again stored in these bins during 1913-1914 and the top surface 
of the grain protected with eight inches of bhusa (the broken straw obtained 
by thresbing the corn by means of bullocks treading out the grain on a pre- 
pared piece of hard ground). In all cases the grain used for these experiments 
was that grown on the Goveiunient Farm at Lyallpur, and threshed out by 
the above method. It was, however, cleaner on the whole than ordinary 
country wheat when introduced into the chambers. Early in September 
1913 one of us examined the CEjutents of these bins and found them to contain 
a number of specimens of the larva of e 4 . midiMus and also Tribolhm cas- 
taneum; of these, only the former is an active agent in damaging wheat. It 
is clear therelore that Lefroy’s statement cannot be applied to the problem 
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in this province, since this opinion Ls based upon experiment with C. un/zai 
only, and aa shown in Chapter IV the other insects, which damage wheat in 
the Punjab, do not behave in the same wav towards moLst and dry 
conditions as does C. orijxw. 

Simultaneously with the Krst expeviinent in bins, we made .some 
observations on the effect of carbon dioxide on the germinating power of wheat 
in weevil-infected samples. 

Experiment. Since the introduction of grain into a bottle containing 
a niixture of air and carbon dioxide without disturbing the composition of the 
gas, presents almost insurmountable experimental difficulties, the following 
method was adopted. This method we cousidcr gives a reliable comparative 
figure, for though the analysis of the gases at the end of the experiment does 
not represent the amount of carbon dioxide present in the ga.seous mixture 
at the start but the sum of this gas present iu tire original mixture plus that 
derived Ivoni the respiration of the grain and any weevils present. Using the 
same quantity of grain for all e.xperiinents and making time and temperature 
ooiiditious equal-those two latter factors will cancel out and give ns the 
comparative effect of tile earhoii dioxide added at the eommencement. on tlie 
gorminating power of tlie grain and on the weevils if the grain contains them. 

{X) bO grams of good wheat, the germinating power of which was first 
determined, were placed iu a wide-montlied and stoppered bottle oi loti cc. 
capacity. Carbon dioxide gas ftem a Kipp's apparatus, well washed to free 
it from acid \apours. was then allowed to flow iu by a tube reaching to the 
bottom of the bottle, the air of the bottle being displaced upwards. The 
amount of gas was regulated by eoimtiiig tlie. mimhe.r of bubbles passing 
through the last wash bottle. 21 bottles oontaiiiiiig wheat were taken and 
quantities of carbon dioxide corvespondiiig to 28. 5(1. 85. 115. 17U, and 240 
bubbles of the gas were added, so as to obtain different quantities of the gas 
in each bottle, 

The bottles were closed by well greased stoppers immediatelv after the 
addition of the carbon dioxide. Three months after, the gases of the bottles 
wore extracted over incrcurv and analysed, and the grain tested for its 
germinating power. 

Table XXIII gives the results obtained and conhrms Badcock's' statement 
that the presence of carbon dioxide docs affect tlie germinating power of 
grain. Badcock’s experiment was made on maize and he found this grain 
stored for 30 days in a sealed flask charged with the gas failed to germmate 
at the end of that period. 


i hoc, cit. 
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From OUT experiments there does not appear to be any numerical relation- 
ship between the loss in germinating power and the amount of the gas to 
which the grain has been subjected. 

Table XXIII. 

The effect ofmi'DiHg qmnlilks oj carbon dioxide on the yeminating 


pou'er oj wheat. 



2 

- 

4 

5 

1 

! b 

7 

8 

Date of 
charging 

Date 

of 

analysis 

Number of 
babbles of Quauti 
COo with ty of 

Bottle 

' Percentage 
^ of CO. 

Germina- 
tion value 

Germina- 
tion value 
of the grain 
before ex- 
periment 

with grain 
and CO 

which the 
bottle WU3 
charged 

wheat 

used 

No. 

i found on at end of 
: analysis experiment 

iO-l-U 

25-412 

28 


‘■'i 

9-7 







10*2 

■ .Id 

' 

16-3.12 

•• 


A., 

4*2 

2'4 

24 



21-5-12 



A:, 

4*2 

3 9 

51 



22-6.12 



A4 

19-2 

45 







195 


1 23 d 12 

85 


A , 

21-3 

40 






2U6 


.. . ‘2?-£i-l2 



An 

61 

6-9 

35 


28-5-12 

115 


A- 

23-06 

35 

1 

f 




22-6 

1 

„ ! 29-512 



A. 

11-U 

39 

[ 





10-4 

1 


31-512 

17U 

L 

A.. 

- 20-5 


1 


,, 


i 


: 20-7 


j 


4-6-12 


A,.. 

5’? 

40 



5-6-12 




6-9 

I 


210 

.z 

A 1 1 

; 21-5 

:n 

j 

• 

” 

1 

Ai2 

,, 

! 12-4 

) 12-8 

33 


8(512 

28 


B, 

1 H 6 

38 



10'-hl2 




14 2 


,, 



B,. 

15*9 

43 




£ 


15 0 


U612 

56 


B. 

11-8 

SO 


, i 


bo 


U-6 


1 12-6.13 


s 

B. 

142 

13-7 

so 


13612 



B, 

129 

128 

HI 


„ U612 



Ba 

15 2 




13'.6-12 




14-8 




115 


By 

10-9 

10-9 

40 



,, 

,, 


B. 

14‘2 

38 



,, 




U '2 



17-6 12 

170 


Bi, 

18-4 

55 



,, 




18-6 



18 6-12 



Bi„ 

17*0 

63 



19-612 




17 ‘6 



240 


Bii 

31-0 

• 1 



,, 




, 30-8 

<j^ i 



,, 



lii’ 

28*7 

60 







28-9 
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(B) A similat oxperimcnt was made ou a mixture of weevil-infected 
and clean whole grain, a 50% mixture by weight. 

Since the weevil-eaten grain is, however, lighter than undainaged wheat, 
and since the germination test is estimated by the number of grains germinating 
out of one hundred grains tested, it was necessary to estimate the number 
equivalent in a 50;'o mixture by weight ; 20 grams of damaged and 20 grains 
of undamaged wheat were therefore counted and were found to contain the 
following numbar of grains of wheat. 

NtDnber nf t/rains />f wheat in 20 weight. 

Sound Weevil infected 

696 i)8 

That is in 100 grams of a mixture <;[ wheat containing 50 giams of .sound 
wheat and 50 grains of wcevilled wheat {50°g of each) there will be by count 
53% damaged grains. 

Table XXIV gives the summarized results of this experiment. Several 
points are brought out in this table. In the first place the result.s of experi- 
ment (A) above are confirmed in showing a marked diminution in the garnii- 
natiiig power of both sound wheat and weevil-damaged wheat after remaining 
in contact with carbon dioxide. In addition also no numerical relationship 
is established between the amount ol gas and the decline in vitality except 
in the case of the wecvilled grain where the vitality falls off as the percentage 
of carbon dioxide increases. 

In this experiment four blank tests were made— two in which mixed wheat 
was placed in bottles the necks of which were closed with C(.itton wool (bottles 
Cj and tb) and two closed with glass stoppers l.nit to none of these four was 
any carbon dioxide addeil. 

Only the bottles (’] and contained live weevils at the end of the experi 
ment but all the testa .allowed an increase in the number of wenvilled grains. 

From this it appears that even in an atmosphere containing 50" „ of carbon 
dioxide the weevils had extended their ravages to fresh grain before succumbing 
to the effects of the gas. 

Since writing the above note my attention has been directed to Kidd s^ 
work on the oontiolling influence of carbon dioxide on tiie iiiatuiatiou. dormancy 
and germination of seeds. 

I iiiiUl. Pruc. Royal Socitty, 1914. 15.87, 4U8 -121, liU9- U2.7. 
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Table 

The effect of carbon dioxide on a mixture of sound and 


1 1 2 

9 

4 

5 

6 

1 

Date of charging Date of 

with COj analysis 

ofs 

a tj 

■ss-i ■ 
2-5 " 

.-ess 

Contents of 
the bottle 

Number 
of the 
bottle 

i 

Description of 1 
the bottle 1 

J3-I-12. 20-6 12 

Jtft/ 1 

, 

x 1 

0> 

C X 4A 1 

5 = fl ' 

■''SI 1 

C. 

Bottle not closed, 
simply plugged 
with cotton wool. 


•• 

(by 



21612 

„ 

( 

c., 

Bottle cloKed. No 
CO3 added. 

226 !2 

32 

= 

* I 


Bottle stoppered 
after cbargiug. 

'* 

” ' 

• 

a 

1 

*’ 

„ 24-612 

6i 

„ 

1 ] 
1 ^=^ ! 

i 

1 " 

:: 

.. 

96 

5.18 1 
S as 1 

C-. 

" 

25 6-12 

” 

.W® (< 1 

i:rbt 



160 

I- S-S ' 

II- ® i 

r,; 

” 



StJ c 1 

1 



. 

192 

» I 
.£•*" o 
*93 •- I 

k> > V 
Uo.fi 

w ? 5 I 

C 7 

" 

28 6 12 

256 

S- c ! 

c. 



•• 

sftl 

1 

■’ 



320 

i 

c,. 



” 

r 1 
§ 1 


” 

„ 27-6-12 

969 

u 

Cl.. 




8 

" 


Note.— N o weevils were found living on the date of analysi^j in any bottle,- 
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XXIV. 

weevilled wheal and on the weevils conlained in it. 
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This author shows that tho germination of seeds is retarded or inhibited 
by tlie high partial pressure of carbon dioxide, Tn seeds which failed to ger- 
minate on this account the gerininatiug power was restated by removing the 
testa and in some cases by completely drying and rewetting. He attributes 
this loss of germinating power to the reiluction in the permeability of the 
testa uir'er the influence of carbon dioxide resulting in a reduced amount of 
oxygen reaching the embryo and a ervresponding rise in the carbon dioxide 
pressure in the embrvo tissues. 

fi'j/ieriiiicid.s irilli Sulphur dioxule. 

In compliance with the u islies of Govevumeiit the oftect of sulphur dioxide 
on grain was tested. In Hd'i. tho proprietors of the Haridkot giain stores 
reported that sulphur dioxide had been successfully used there for fumigation 
purposes, Harcourt' had already studied the effect of hydrocyanic acid, carbon 
disulpliide and .sulplmr dioxide on tlie baking properties nt flour prepared from 
wheat subjected to the action of these gases. 

Hydrocyanic acid did little damage to the bread-making properties of the 
flour. Carbon disulphide spoiled the flour for a time giving it a darker colour 
and Harcourt considered from his experiments that it would take upwards 
of five months exposure to air to restore the qualities of tho flour alter treat' 
ment with this substance. 

Sulphur dioxide totally destroyed tlie floui- for bread-making purposes. 
This we should expect from a knowledge of the properties of tho gas. Sulphur 
dioxide is a powerful bleaching agent and owes tliis property to its affinity 
for oxygen, it being one of the most active reducing agents known to the 
chemist. It moreover fotnw aii acid, sulphurous acid, when brought in contact 
with water, and in the presence of organic matter such as wheat flour and 
moisture, rapidly oxidises to sulphuric acid. Both of these acids will materially 
affect the nature of the carbohvdiatcs present iii flour changing them to sugars 
of an hygroscopic nature, and if much sulphuric acid be formed, a darkening 
in colour will succeed tho first bleaching action of the sulphur ilioxido. Our 
experiments did not aim at confirming or extending tho enquiries of Harcourt 
on the effect of this gas on flour but were to prove the inapplicability of the 
gas owing to its injurious efiects on the vitality of the grain~and the destruc- 
tion of this for seed purposes. 

' Harcourt. Effect of Fumigants on Flour. Xorth West Milkr, 88 (1910), No. II, 
pp. 081— 6«2. 

5 , 4nnml Btpori of Ontario AgriculturcU Colkge, 36 (1909), p. 6Q. 
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Experiment. 

Throo sets of experiments were done. In the first five all ssniplos of wheat 
received the same amnnnt of sulpliur dioxide added to the air of the bottic — 
using the method described above in the case of carbon dio.xidc. The gaseous 
ini.xture was allowed to remain in contact with the grain for periods varying 
from 48 hours to Ml hours. In the second five samples all received different 
amounts of gas varvmg from HHI to GOO bubbles of the gas and allowed to act 
in all cases for a period of 24 hours. lu the third set the method of the second 
was followed but much larger i|uantities of sulphur dioxide were added as will 
be seen from the analyses in Table XX^ . 


Table XXV. 

The effect of sntphur ilio.ride on the germhwtimj power of when! . (50 gmm.^ 

1)1 0 bottle oj IbO (c. cdpaeit!/.) 





r.F.K.MI.N.rTIX« 
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Amount of Siil- 


1 (Jas (S<.)o)ad‘leH 

Time during 
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of 

for X seconds 
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— 
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iiefore 
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as .SO., pre.sent 
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per second 

of the gas 

trcjii* 
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at end of ex* 
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ineut 

periraeiit 





with SO.. 

with SO., 



1 

20 seconds 

48 hours- 

9:»„ 

:^0 

1*40 'I 


o 

Do 

72 do. 

IV 

27 

1-0.5 


3 

Do 

96 do 

Do 

23 

0. 


4 

Do. 

120 do 

Do. 

24 

0*75 

>. 

5 

Do 

H4 do. 

Do. 

21 

0'53 

< i 

6 

10 do 

24 do 

Do. 

54 

■23 

O 0 

7 

20 do 

Do. 

Do. 

49 

0-53 

is 

S 

30 do 

Do. 

Do. 

45 

()-91 

S 

u 

9 

40 do- 

Do. 

Do. 

39 


u 

o 






l-Oo 

S 

to 

50 do. 

Do. 

Do- 

26 


11 

60 do- 

Do- 

Do. 

23 

2-30 

> 

V2 

30 do. 

Do. 

Do 

97 

Nil 
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13 

60 do- 

Do. 

Do. 

97 

Nil 


U 

yO do- 

Do 

no 

65 

Nil 


la 

120 do- 

Do 

Do. 

36 

l-.'iO 


16 

17 
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32 
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1 
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Two methods of analysis were followed, to check the amount cf sulphur 
dioxide (or sulphurous acid) present at the end of the experiment. In the 
first dealing with small quantities of the gas, the contents of the bottle were 
agitated with boiled and cooled water, filtered, and a portion of the filtrate 
titrated with standard solution of iodine (dccinormal). In the second, dealing 
with stronger mixtures, the gas was extracted from the bottle over mercury — 
and the amount of sulphur dioxide determined by absorption with dilute 
iodine solution in a Hcmpel's apparatus. 

When the. sulphur dioxide is as lew as 0'23% by volume, and the time of 
e.xposure of the grain to this mixture only 24 hours, the vitality of this grain 
had fallen over 40%, thus showing the impossibility of treating seed wheat 
with this gas. 

This closes what we may term the preliminary chemical enquiries on the 
subject and before further progress could be made it was necessary to examine 
the nature and habits of the various insect pests affecting wheat and generally 
referred to as “ Weevils." 

For this the services of Mr. A. J. Grox'e, Supernumerary F,ntomologist, 
were requisitioned and the results of his studies have already been given in 
Chapter I of this memoir. On these results have been based the experiments 
of Chapter III chemical experiments second series, Chapter V physical experi- 
ments connected with the effect of humidity— dryness— and heat on the 
weevils and Chapter VI remedial measures and experiments connected with 
these. 

Summary of the results of the experiments described in _ 
Chapter II. 

Briefly summarized these results are as follows ; — 

(a.) The moisture content of Punjab wheat ls not the same as described 
by Fletcher for wheat examined at Pusa, hut on the other hand is shown 
to fulfil the conditions of immunity against weevil attack laid down by Lefroy 
and Fletcher. 

Damage does, however, occur to stored wheat in this province in spite of 
this and we have shown elsewhere (Chapters I and V) that the other insects 
responsible for this R. dominica and A. unduklus do not react in the 
same way towards conditions of moisture and dryness as does C. oryzee the 
insect on which Lefroy’s and Fletcher’s opinion is based. 

(b) Our experiments confirm Badcock’s opinion that wheat stored in 
carbon dioxide loses its vitality. 

(c) The injurious effects of carbon dioxide and sulphur dioxide on the 
vitality of the seed have been numerically defined and the impossibility of 
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using either of these gases as insecticides for wheat whicli is stored for seed 
purposes, shown. 

(d) The amount of carbon dioxide expitetl by germinating wheat is shown 
to amount to as much as .3.5% of the total weight of the grain when this is 
supplied with sufficient oxygen to maintain the process of gerinination in full 
activity, and as low as 1% when the supply of oxygen is restricted. 

(e) That wheat is not a hygroscopic substance like starch and does not 
take up moisture from a damp atmosphere such as exists during the monsoon 
period in the Punjab in July and .Vugu.st to a greater extent than one or two 
per cent., and that moisture so taken up probably lies on or in the outer shell 
of the grain since it is easily removed by drying at a temperature of 70°C. 

(/) Suit-dried wheat at harvest time contains about 8% of moisture which 
can be driven off at 100°C. and from 3J to 4^% of moisture which can be driveu. 
off at TO^C. 


5 



CHAPTER HI. 

Chemic.^l isve.stioations ■2Nn Sbkie.s. 

Effect of Carbon dioxidle, Hydrof/en and Nitrogen on iceevils. 

In Eebruary 1914, Mr. A. .1. Grove was attacIiMl to tlio Punjab Agricul- 
tural stall to collaborate in the investigation and take up the entomological 
side of the eirquiry in detail. Simultaneously with the study of the life-histories 
of the weevils detailed in C.'haptcr I a more exact series of observations on the 
effect of gaseous insecticides was undertahen, confining oursolves in the first 
place to the gas carbon dioxide and working on the insects themselves. Ihe 
three insects Cahndra oryxes, Attagenua vndidedns and Rhixopertha dvminica 
ware the subjects of this series of experiments, as observation proved these 
to be the insects most active in causing dan;age in the Punjab. 

No systematic study of the process of respiration of insects from a chemical 
and physiological standpoint seems to have been \mdertaken by previous 
workers. Graham' concludes that respiration in insects follows the law of 
gaseous diffusion, but this seems based oidy on the fact that the aeration 
of tissues in insects is effected by means of a series of fine air tubes, tracha?, 
spreading to all parts of the body and having their openings in the form of 
spiracles on the sides of the body, and that these small openings and fine 
tubes offer the equivalent of the porous diaphragm of Graham’s experiments 
in gaseous diffusion. Anatomical data as well a.s observations on the living 
animal, however, show that the opening and closing of those spiracles a.s 
well as the volume movement of the air tube is under muscular control, 
and biologists have been satisfied with this in the absence of further 
physical support of Graham’s view, namely, that an exchange between the 
gases of the tube and the outer air is effected by means of muscular pressure. 

Knowledge of the process seems to stop short at this reasonable explana- 
tion of gaseous exchange and no attempt has been made to examine the pro- 
cesses by which the insect makes use of the air thus brought in contact with 
its body tissues. The intake of air and the exhalation of carbon dioxide has 
been not unnaturally assumed, and the detailed study of the chemical processes 


I Rewarche9, p. 44, 
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of respiration left to the physiologist. Thi,5 .science has until very recent 
times been of interest only to students of medicine, its study has conse(|ueiitly 
been confined largely to the higher animals. These with their increased 
morphological differentiation of structure tender the physiological problems 
more complex and more obscure and it is often in the study of .simpler 
organisms that light is thrown on some process common to all. This has 
proved to be so in the present case. We shall deal with the experiments in 
the order in which they were made. 

The first step taken was to examine Cole’s re.sults in detail, namely the 
effect of carbon dio.xide on the three insects enumerated above, testing the 
effect of the gas at different temperatures and extending the experiments to 
other gases of a probable inert nature like nitrogen and hydrogen in order to 
test Graham’s tlreory. 

The apparatus used is shown in detail in Plate V, ft consists of a glass 
incubating chamber A. in which the insects are contained in small cages (C). 
These cages are only glass tubes closed at either end by wire gauze caps, and 
in them, the number (usually 10) of insects experimented upon are enclosed. 
The incubating chamber A is connected with a glass bulb B by means of a 
capillary tuba. The object of this bulb is to provide space in the incubating 
chamber for the admission of mercury, to drive out some of the gases of the 
chamber for the purpose of analysis, without lunniirg any danger of iiiterfeiing 
with the composition of these during the experiment. The volume of B is 
about 75 cc. while the volume of the tube A is about 150 cc. X and B are 
closed above by a rubber bung and below by a three-way tap T and at the 
upper end are in connection with a T-shaped capillary tube— one end of which 
has a small mercury manometer, which, by means of tap F allows the gas 
pressure in A and B to be reduced to atmospheric level, and the otlier side 
through which the gases can be withdrawn for analysis into the gas tube L 
for transfer to the gas analysis apparatus. The whole apparatus is in a constant 
tomporatuie bath U the temperature of which is regulated by the thermo- 
regulator G. 

Some difficulty was experienced in the use of mercury thread regulators 
of the type sho^vn at G on account of the College gas supply being oil gas at 
high pressure (Mansfield’s system) the working pressure of which is equivalent 
to 6’ of water pressure on the gas holder. This was satisfactorily overcome 
by placing a 10-litre bottle containing some 6 inches of water in it, between 
the gas tap and G, and passing the gas through the water by a tube, the lower 
opeiring of which was 4" under water ; this gave a gas pressure in the bottle 
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of (G'' — 4") =2" a satisfactory pressiito to wirk tho thoriiio-regiilatoi and tlio 
small flamfla requited for iDaintainiug the batli at constant temperature. 

In charging the apparatus the tube A B is first cleaned, dried and placed 
in position in the empty water bath. After the introduction of the cages C 
containing the insects, the T tube EF is attached to the tube A B with a rubber 
bung. Tire gas (carbon dioxide, etc.), the effect of which wo wish to tost, issites 
under its own pressure from a steel cylinder at J, and. after passing through 
the purifying vessels K. Ki. Ko enters the incubation chamber A B through the 
three-way tap T-the mercury reservoir H having first been lowered to the 
position Hi to allow this. Gas is passed through for 15 to ‘20 minutes to entirelv 
displace the ait upwards (when filling the tid e with hydrogen the gas enters 
at E and displac’ S the air downward through T which is then left open). After 
sufficient time has elapsed to displace the air. E is closed, an'd P opened, and a 
few bubbles of tbe gas passed tbrongb the msi ometer to clear that tnbo of air. 
B is then put in communication with H by turning T and the tube immediately 
above T filled with mercury. T is then closed and Hj raised to II. 

Lastly F is closed, and the water bath D filled with water at the tem- 
poiature of the experiment. In order to check any change in the composition 
of the gases in A and B during the experiment, changes induced by the insects 
themselves if large enough to be detected by the analytical means at onr 
disposal, or changes resulting from accidental leakr gc, the gas in A B is analysed 
after tbe last operation noted above, viz .: — the closing of the tap F— the time 
of the comnioncement of the gas treatment. The method of extracting and 
analysing the gases is simple. A gas tube L closed at either end with taps, 
and extending into capillary-bore tuW is attached to E by thick walled 
rubber tubing on the one side, and to a mercury vessel M on the other. L is 
first filled with iiieicuty, and JI is then lowered to Mi, by slowly opening 
T mercury from II flows into B putting the gases of A B under pressure, ami 
on opening E these How into L- the first gas flowing into L from the tube 
outside E is rejected. After about 50 cc. of gas have been transferred to L, 
T is closed, leaving tbe gases in A B under a little mote than atmosphoiie pres- 
sure, which latter is finally reduced to atmospheric pressure by opening F. 
Before doing so however the capillary tube outside E is filled with mercury 
by first closing the upper tap of L and forcing mercury in to put the gas in L 
under pressure. The lower tap of L is then closed and the tube inverted. 
On opening the upper tap, mercury from L now flows into E— all taps are now 
closed and L is disconnected and removed to the gas analysis apparatus and 
the sample introduced and analysed in the usual manner. 
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The apparatus used in these experiments for the analysis of the gases was 
first Bone's modification of Frankland’s apparatus, but experience showed 
the accuracy of this method of working was really beyond that requited. In 
view of the tediousness of the method we subsequently substituted Macfarlane 
and Cadwell’s modification of Sodeau’s apparatu.s.^ 

After the lapse of some hours the gases of the tube A B were again analysed 
and the apparatus opened to examine the insects and determine the number 
which had been killed. The first effect of carbon dioxide was to induce iutcnss 
activity in the insects for the period of a few seconds, after which they became 
inert and without motion, ft was found however that this was not death, 
for on restoring them to an air atmosphere they recovered. We determined 
the lime, Icmperaliire and gnn (.VKceutmlioii nccB.ssary to produce death and 
the time so taken tn kill the insects we have called the lethal period. To 
dotormiiio this lethal period it was necessary to make many oxperinrents 
before the exact period conld be arrued at. and in the case of carbon dioxide 
at a temperature of 3u’C, upwards of GD experiments on each insect and 12U 
analyses of the tube gases wore requited before the lethal period w-as deter- 
mined. As some of the test periods were upwards of 60 hours it will bn 
seen how lengthy and tedious was the jnethod of investigation, for in the 
table which follows only ouo figure appears for all tliese analyses and tests. 

The following table XXVT shows the. method of recording the result of 
one tost on the throe insects. 

Duplicate tubes of each insect were taken— each tube coutamiiig 10 insects 
and the number given iu column 5 .shows the uumhor recoceniiy. The 
dilleieuco between this number and 10 will bo the number of insects killed. 


Table XXVI. 


Emm pie of the method of iin-entigiitiny the (feci of wrLuii dwxde on the 
iimeh Attagenus undulatus and Calandra oryzae. 


Pate 

Analyses of the 
gas before and 
after 

I4uiuber of hours 

. . 

/r 

of treatment 


Prffrp 

After 


1.914 

99'8 

99-78 

11 hours 


99 '92 

99-89 

lOi „ 


99-96 

99-93 

10 

21-11 14 

QO'S 

99*5 

n „ 


9S'4 

98-4 

3 


98*3 

98-3 

4 


: Number of insects i 
recovering 


1 

0 

1 1 

7 

8 >A. unUulalus 

•1 

S ■( 

d 


0 

1 ' >C. oryta. 

0 

0 |i 


TJTC. S. L Feb. 28, 19113, p. 187, 
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la all these experiments dry gases wore used. The time at our disposal 
did not allow of our investigating the lethal period for the same gases in a 
moist condition. We investigated the effect of dry and moist air however 
and this will be described in Chapter V. The results are shown in tabular 
form for the three gases carbon dioxide, hj’drogen and nitrogen in Tables 
XXVII, XXVIII and XXIX. 



Fig. i 





Fig .5 

Several points are brought out in thes* 
tallies. The first is the wide discrepanc; 
iietwecn the recorded duplicates which wori 
(tone >il It (liffmiit mi.'soH of the roar. Thi 
shows that the effect of i.heso gases on th 
insects differs very considerably at differen 
times of the year— it is not lempemture her 
that matters, or the composition of the ga 
it is tire condilion of the insect ; we shai 
refer to the point in more detail later. Th 
second point brouglit out in the results is th 
general shortening of the lethal period as th 
temperature rises — this is most marke' 
in the case of A. iinditl^tus with carbo 
dioxide. 


Fig. 6. 



238 


THE INSECTS ATTACKING STORED WHEAT IN THE PUNJAB 


Thirdly, A. unduUilus seems to bo more resistant to all those gases than 
R. dominica and R. dominim more resistant than C. onjzce. 

Fourthly, the lethal period is much shorter in all cases as the density of 
the gas applied decreases. On first sight this latter seems to give support to 
Graham’s theory that the respiration of these insects follows the law of gaseous 
diffusion. 

The figures were therefore closely examined as follows : — 

The following table gives the density of these gases at 0°, 30°, 35° and 
10°C. as compared with air at 0°C : — 


Table XXX. 

Demihj nf iiir. hfdrmidi. nitrogen and carbon dioxide compared Kith air, 
deiisilg=l al i)'C. 


Gai 

T^OC 

T=30'C 1 

1 

T = 35C 

T = 40 C 

Air 

m 

n-90120 

om^ 

0'B7240 

Carbon dioxbie 

l-559<)0 

\-vm 


l’BS400 

Hydroaen 

0 06949 

Q-mm ; 

0'('616 

(1 06063 

Nitrogen 

097240 

0876I9 I 

0-86->0 

0-84S40 


From these figures and a knowledge of the coinjmsitii u of the gas in the 
tube, wo can calculate the density <if the gas actually present in the tube 
diuiug the experiment. For example in the case of Allagenng andidoInK at 
30°C. the analysis of the gas was bvdrogen 1)5'9 - nitrogen 11. 

The density of this mixture would therefore be 

(9 5-fl •Ot*'*) * (1 -1 'we-i 1 Q. 0959!) 

If the lethal period is related to the rate of diffusion then according to 
Graham’s law the following relation should hold : 

Lethal pciiwl in carbon dio xi.le ^ ,/~ Deii3ity of hyil I'Ogun 
Lethal period in hydrogen Denaity of carbon dioxide 

Since Velocity of diffusion of carbon dioxide _ -Density of hydrogen ~ 

Velocity of diffusion of hydrogen Density of carbon dioxide 

A'rnmpfe.- Comparison of the lethal periods for Atlagenus nnduhtus at 
30’G. with the diffusion ratios of the gases in which the lethal period was 
determined, and calculated from the densities of the gases. 

fDensity nf carbon dioxide at 30° . . 1 '34, 5!) 

By analysis i Density of hydrogen at 30° .. 0 0896 

(Density of nitrogen at 30° . . 0-8620 
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Volocity Ilf diffusion, of carbon dioxide 
Vckcitv of diffusion, of hydrogen 
Velocity of diffusion of carbon dioxide 
Velocity of diffusion of nitrogen 
Velocity of difhtsion of hydrogen 
Velocity of diffusion of nitrogen 


= V'»s“ =0-80113 

^ 1-3459 

= .v/iLff.' = 0-310’’ 


The reciprocals of those velocity diffusion ratios are 


0-2383 

reciprocal 

3-87 


0-80113 

reci|)rocal 

1-24 


0-3102 

reciprocal 

3-22 


The lethal periods in 

the same experiment 

were as follows : — 

Carbon dioxide. 

Hydrogen. 


Nitrogen. 

37 hours. 

22 hours. 


30 hours. 

Ratio — - 

37 

22 


1-7 

CO. 

37 



N 

= 311 

— 

r23 

H 

22 


0-73 

X 

30 




Attor a slinilar examination of all the results of Tables XXVH, XXVHI 
and XXIX we are unable to obtain any support of Graham’s theory that the 
respiration of insects is regulatetl b\- the laws of gaseous diffusion. 

The velocity ratios calculated from the gas analysis figures show that 
temperature will liave hut iitth' effect on this comjxiivtirc value, since for the 
small increase in temperature covered by the range of our experiments the 
.small difference in the mass of the reacting gas molecules will have but a slight 
effect on the kinetic cmergv of the moleoiile, both gases being heated through 
the same range of temperature. 


Table XXXI. 

Diffu.iion irlocih) nilin-t coktilated from the cm»pofilio)i of the gaKoa vneti to 
te-tl the lethal period for Attagomia undulatus. 

VrLOCITY OF COo V^LOi JTJ OF COa VELOLin Ot^N. 

Velocity H- Vki.oi'iTY’ N Velocity H. 


WC 

35'C 

40"C 


0-2583 

0-2628 


0-798 

0-S0113 

0-798 


0-302 

0-3102 

0'30o 
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If then the composition of the gases used in these experiments is so constant 
that the diffusion ratios remain as close as is shown iu the table, the lethal 
period ought to show a like similarity if the exchange of gases through the spiracks 
and air tubes of the insect follows the laiv of gaseous diffusion. Even if there 
are two or more factors making up the lethal effect— and it is difficult to con- 
ceive such inert gases as nitrogen, hydrogen and carbon dioxide acting other- 
wise than as asphyxiating agents, this diffusion factor will at least remain 
constant. 

The only deduction we arc able to draw however is that the lethal effect 
incieases with the temperature and that the effect therefore is in all probability 
of the nature of a chemical reaction. This view seems to receive support in 
the wide variation observed in the case of the gas carbon dioxide which iu the 
first series of experiments made at IW^C. gave a lethal period of 89 hours. This 
latter result was obtained in an experiment conducted in the mouth of March, 
whila the period cf 65 hours was dctorinined in the following autumn. 



CHAPTER IV. 


Respiration. 

Ilislorkal. The experiments detailed in Chapter III have yielded results 
30 incomprehensible, and so incapable of interpretation, that further en(|uiiy 
was made into the possibility of these p!asp.s entering into, or interfering with, 
some cyolo of chemical change.s — normally taking place in the process of animal 
oxidation or respiration. It seems very unlikely that the gases themselves 
have taken part in any of the reactions connected with this process, since no 
alteration in the composition of the gas was detectable in the course of the 
experiment. On the other hand it must be conceded that the amount rd gas 
brought into play by the mimber of insects experimented on, is probably so 
small compared with the total amount of gas present in the incubation tube, 
that the analytical methods at oiir disposal were too crude to detect the minute 
change, if any, which had taken place. 

In order to find a satisfactory explanation we therefore turned to an 
examination of the process of respiration and more especially respiration in 
the cell as a unit of the entire organism. Historically Lavoisier was the first 
to recognize the importance of o.xygen in the life process, and he outlined the 
part played by this substance in the combustion processes taking place in 
animals. Lavoisier believed the lungs to be the seat of the oxidation processes 
taking place in the animal organism. This was not feasible because the energy 
so set free would not be available for the tissues of the body, and the cells 
comprising them. JIagnus,' by analyses of the blond, and the gases of the blood, 
showed this to contain oxvgeii until the (inal capillaries were reached when it 
disappeared. He thus proved that all animal oxidation did not take place in 
the lungs but his researches left undecided wdiether the oxidation took place in 
the blood itself, or whether the oxygen passed through the wall of the blood 
vessels into the tissues. Ludwig and Schmidt- imagined that the tissues were 
oonstaiitly giving up oxidisable substances to the blood, and in support of 
this show’ed that the restriction of an animal’s supply of oxygen led to 

1 Mngnua. .-I/oi. 40, 58,1. 18:17. 

„ 04 , 177. 1845. 

* Ludwig and Schmidt. Btr. itber t!ie Verhiin/fi dfr Gcs. Tl'i.^.9Crt. Lfifzig. Math 

Physikal Klasse, 19 , 110. 18I>7. 
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suffocation ; tliat the blood of such suffocated animals contained but traces of 
oxygen, and that on exposing the blood to the air or oxygen, the latter 
disappears, and the amount of carbon dioxide in the blood increases. They 
considered that in a suffocated animal these oxidisable substances given up 
to the blood by the tissues, accumulated. 

We. now know that blood contains cells, the red and white corpuscles, 
which themselves undergo metabolism, and thereby very easily consume 
oxygen and give out carbon dioxide. Afouassiew’ then showed that only the 
blood corpuscles, and not the serum of a suffocated animal, could thus take up 
oxygen. The assumption that the combustion takes place in the tissues and 
cells of the tissues, was proved by Pfluger and Ocrtraann^ in the following 
manner. .4 frog's blood was removed and replaced with normal saline solution. 
The animal was then placed in an atmosphere cf pure oxygen, and consumed 
as much of the gas and evolved as much caibon dioxide as a norma! frog. 

To-day there is no doubt that oxygen diffuses into the tissues, and that 
the cells themselves derive their energy by the combustion ot nutrient sub- 
stances in them. One of the principal proofs of this is, that tlie blood itself 
possesses no oxidising properties.^ For example, salts of lactic acid placed in 
the blood remain unchanged whereas in their passage througli tlie organism they 
are completely and rapidly oxidised. This is the more convincing when carried 
out on surviving organs. If for example blood is conducted tlirough the 
liver of a dead animal by the portal vein, it can be shown that ammonium 
formate introduced into the blood, disappears, and in its place urea is formed.'* 
This is not the case if the ammonium formate is brought only in contact 
with the blood Contact with the liver cells is essential. 

That oxygen actually passes through the walls of the blood vessels is strik- 
ingly shown by the way the foetus is provided with this element. It is well 
known that there is no direct connection between the vascular system of the 
mother and of the child. The circulation of the foetus is isolated." Bancroft** 

1 Afonassiew. B&r. iihtr dit Verhandl- der Sachs. Ot-i. IFwicn. Lfipzi'j. Mulh-Physikui 
Klasse, 24, 253. 1872. 

* Pfluger and Oertmann. Pftuger's Arch. 16.382. 1877. 

„ „ „ „ „ 10. 251. 1875. 

8 Pfliiger. PJiugtfs. Arch. 0, 43. 1872. 

Hoppe-Seyier. ,, „ 7, 107, 1873. 

* Abderhalden. Text-book of Physiological Chemistry, lran?ilated i>y Hhll Wiley and 
Horn, New York (1908), 

^ Pfliiger. ./Irc/t. 1, 680. 1868. 

Kulz. Zeit. Biolog. 23, 321. 1887. 

® Bancroft. PiocAem. Jowr. I. I.r 1006. 
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lias sliowu that saliva contains O'o% of oxygen by \(iluiiic, wliicli cnnld 
onlv have come from the circulatuni by diffusion. 

All this gains further support when we come to examine the system by 
which the lower organisms receive their oxygen supply in a direct form. In 
insects there is a modified vascular system and the oxygen reaches the tissues 
in the gaseous form through an infinitely branched tracheal system. 

Wliile all these observations tend to show that the higher organisms are 
capable of taking up and directly using the oxygen of the air. quite a separate 
series tend to show that they can obtain energy from certain hydr( lytic cleavage 
processes. It is known that irttestinal parasites live apart from an oxygen 
containing atnio.sphere and even frogs can for a time' live without oxygen and 
produce carbon dioxide. Though this is possible we know that the energy 
derived from such cleavage processes is insufficient for the production of 
energy required for the animal processes. Fick and A4 islicemis'' proved 
this ill an interesting serie.s of experiments on themselves in mountain 
climbing. If the animal cell is capable therefore of c.xisting on the energy 
derived from cleavage processes, as well as utilizing atmospheric oxygen for the 
oxidation processes when an additional expenditure of energy demands the 
more rapid combustion of the cell nutrients, it follows that the cell is a faculta- 
tive anaerobe. Here we find a parallel in the unicellular organisms, wherethere 
exist not only bacteria whiclulemand the presence of o.vygen. or can exist in 
its absence (aerobic and facultative anaerobic bacteria), but others, the 
anaerobic bacteria to which oxygen acts either as a deterrent or even as a poison. 
It is a characteristic function of all bacteria that they evolve carbon dioxide 
whether they take up o.xygeii from the air r.-r not. Exception.— The acid 
forming bacteria— the vinegar bacteria— may evidvc no carbon dioxide when 
oxidising an abundance of alcohol to acetic acid. The bacteria which are 
anaerobic or temporarily so, must derive tlieir oxygen from the nutrient 
material on which they subsist or to put it more exactly they derive the energy- 
necessary for the vital processes from the partial decomposition ef chemical 
substances rich iu oxygen. Examples, decomposition of grape sugar by the 
Saccharomyceles, the reduction of nitrates in the presence of organic matter 
by anaerobic bacteria. 

We are not further concerned here w'ith the exact function of the blood cor- 
puscles, or the serum in which they exist. It is sufficient fur our purposes m 

1 Pfluger and Oertmaim. Pflu'jtr'ii Arch. 16 , 3S2. lb<7. 

10 , 251. lS7o. 

* Fick and Wislicenus. V icrteijahresschrift des Zurichcr halurfvn-chknden Gi^dhch., 10 , 
317. 1865. 
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this research to note in passinf; that in the liigher animals, these serve the pur- 
pose oE conserving au oxygen supply through its absorption by haenioglobin, 
and that the gas then passes via the blood plasma, and diffusion into the tissues 
of the body and the cells comprising them. 

So far then we establish a parallel between the cells of all organized struc- 
tures, either animal or vegetable, namely, that the oxygen of respiration reacts 
in the tissues in solution dissolved in the cell plasma. Whether it reaches the 
individual cell in the gaseous form as in the insects with their highly branched 
tracheal system, or through the medium of a loose chemical combination such as 
oxylucmoglobin and from this via the blood plasma docs not concern us here. 
We have now to examine the conditions under which the oxygen in solution in 
the cell can perform this process of oxidation, which as we have seen above in the 
o.xidation of ammonium formate can be effected by the liver cells but not by the 
blood, though this latter is infinitely richer in oxygen than the former. (T'or a 
full historical account of this proces.s of blood aeration see .Ahderhalden’s 
Physiological Chmistry. 1908, Louden, Chapman and Hall, Chapter XVIII.) 

If we expose such substances as fats, albumins, and carbohydrates, whicli 
normally constitute the “ nutrient ” material of the cell, to the action of oxygen 
at body temperature, no perceptible oxidation of these materials takes place. 
On the other hand within the body itself they are rapidly oxidised with the 
production of carbon dioxide, urea, and water. Coiisoquoiitly conditions must 
prevail within the cell winch facilitate the action of oxygen upon the material 
exposed to its action. 

We are acquainted with a number of facts which prove that oven witliiu 
the animal tissues oxygon as such is unable to act upon unchanged food. AVc 
know that in the process of respiration it is the food fuel which is consumed and 
not the cell substance. Under ceitain conditions (disease) tlie body may lose 
the power to deal with certain food susbtanees such as carbohydrates. In 
diabetes, substances hard to oxidise arc as easily consumed as when the body is 
in a healthy condition. Only unchanged dextro-glucose has ceased to act as 
a food, because the organism has lost the power to utilize it. 

If grape sugar is but slightly changed before its introduction, the diabetic 
tissue is then able to deal with it. 

If animal oxidation took place merely as a result of the coming together of 
oxvgen and nutrient, then an increased supply of oxygen should bo followed by 
a more vigorous oxidation, hut this is not the case. Under normal conditions 
it is not possible to increase the amount of oxidation taking place in the tissues 
by increasing the amount of oxygen given to the animal. 
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The fact that oxygen in the condition in which it exists in the tissues is 
incapable of consuming the unchanged nutrient, enables the cell to adjust its 
metaholism to its requirements, above all it enab'e.-: the cell to utilize certain 
and particular materials to suit its requirements. 

Up to this point, no clear explanation as to the nature of animal oxidation 
processes has been put forward. We have recognized only the initial materials 
food and oxygen, and the hnal products of the combustion, carbon dioxide, 
water and certain nitrogen-containing .substances such as urea. 

The following hyqiotheses have been formulated. It has been suggested 
that the oxygen has been changed in form .so that it more readily attacks 
the nutrient. Schbnhciu' attributes the numerous oxidations taking place in 
the plant organism to the primary formation of this changed oxygen from 
ozonizing material present in the plant. Thi.s assumption breaks down for 
want of cxpctimental proof of the presence of ozone in the plant cell, and from 
the fact tliat small amounts ol this substance are poisonous to the cell 
protoplasm . Hoppe-Seyler" assumed the presence of active oxygen in tissue and 
based his assumption on the fact that in animal tissue.s energetic reduction 
takes place side by side with oxidation. In this way reducing substances are 
formed which unite with one atom of the oxygen molecule, setting the other 
atom free. The b\ityric f(>rmcntation of glucose is an example of such a 
reduction. 

Ce H|2 06=C3 H: C00H-)-2C02-I-2H; 

Tlio assumption receives support in the theory of nitrification in which 
we a.ssume that the organism responsible foi' nitrification first prodtices readilv 
oxidisable substances which then decompose the atmospheric oxygon molecule 
and thus form nascent (active) oxygen for the oxidation of nitrogen. 

If we are to believe that oxidation in the animal substance takes place 
in this way we must assume first of all that tlic. food substances are hydrolyzed, 
and that easily oxidisable substances are then formed which are oxidised liy 
the oxygen received iu the tissues from the blood and o.i the lime jxiit 
of the oxygen is rendered imsceiit. 

The theory breaks down for want of experimental proof. We could 
understand why the diabetes cannot oxidize {d) glucose by assuming the absence 
of the necessary hydrolyzing ferment for the sugar, but we cannot understand 
why the nascent oxygen produced from the oxidation of the other food sub- 
stances is lUiablo to act on the sugar. 

' I Schonbein. Pogijundoifg Annalcn. 06, I'l- ISts. 

» Hoppc-Seyler. Pfiu'jer's Arch. 18, 10. 1S70. 

1 ) 
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There arc cei-tainly present in the cell a number of ferments which are 
specific — that is to say, induce chemical reaction according to the class of 
compounds on wliich they react, and if we assume tiiat the cells do not contain 
these ferments in an active condition but become active under such conditions 
as the cell economy may demand, wc can understand how the cell may contain 
food, ferment and oxygen without any o.xidation taking place. The cell 
consumes the cleavage products of the food it obtains, such as the decomposi- 
tion products of albumin, glycocol alanin, etc.,— o.xidising these to urea. But 
this is only true of substances having the same molecular structure and 
configuration— thus a rabbit fed with d.l. leucine oxidises only the 1. leucine, 
the other hall of the racemic molccide d. leucine appearing unclianged in 
the urine. This is because the cells coiUain no ferment capable of dealing 
with (/. louciuu and so it remains uuoxidised. {if. Abderbalden’s Text-Bool, 
Pliysiologicid Chemistry, p. 443). 

In the absence of sufficient oxygen we should expect to get an accumu- 
lation of fermented and readily oxidisable substances in the cell, particularly 
as the entire energy of the animal depends on that set free in hydrolytic decom- 
position. 

Bunge.' has shown that ascarids can e.xist several days without any 
oxygen supply, and we have already quoted Pfliiger’s experiments with 
frogs. In such cases as these we should e.xpect to find sonie evidence of such 
easily oxidised substance ns hydrogen if the animal energy is derived from 
partial decomposition of the food substances. In the case of ascarids this 
was not found by Bunge to be the case. No hydrogen could be detected, 
not did oxygen disappear if supplied to the worms after they had existed for 
a day without it. Many cases arc known in which the animal organism is 
protected from poisons_by their oxidation in the cell, and it is known, 
too, that there may exist in the cell easily oxidisable substances. The 
assumption of the theory of active oxygen therefore cannot be said to have 
got beyond the hypothetical stage (Abderhalden). We must therefore look 
for a hypothesis which ii.cludes the known facts particularly the 
fact that the cell seems capable of exercising the function of selective 
oxidation. 

Such an hypothesis must rest upon the presence hr the cell, of ferments 
which regulate the preparation of food for oxidation, and secondly its oxida- 
tion by the oxygen in solution in the cell juices. 


I Jiungc. Zeit, Physiolofjij. Chem. 1^, 318. 1890, 
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This was first suggested by Traube' \v)io assumed the presence of ai. 
oxygen carrier. Schmiidcberg^ has mentioned the possibility of such ferments 
and Jacquet® has proved that extracts of organs can act as carriers of oxygen, 
and that the ptinciples carrsing this can be precipitated by alcohol and 
destroyed by heating to lOO'C. 

During the last 15 years a large number of such ferraent.s have beeji 
detected in both animal and vegetable tissues, capable of assisting in the 
o.xidation of a number of organic substances of a more or loss stable nature. 
Palladin has e.xa mined tiro pigments produced by the respiration of plants 
ami summarized the processes as follows : - 

Pri-mirij process. Secondari/ piocess. 

Anaerobic enzyme zymase. Oxygen 

Katalase, Reductase. Respiratory oxidase, phytoh®malm. 

Perineutatiou pro lucts alcohols and Respiratory products. 

other bodies. , , , , 

Carbon dioxide and hydrogen. 


Bacld summarizes the recent knowledge on the subject of oxidising 
enzymes in call oxidation. 

(1) In order to utilize the oxygon of the air to effect o.xidationau enzyme 
(an oxi/gemml is seer ‘tod. wlucli is readily oxidised fixing molecular o.xygen to 
form a peroxide. 

('2) A second euzvme (the peroxi/da-^’) which accelerates the oxidising 
action of the peroxides by acting on them in a similar way to ferrous sulphate on 
hydrogen peroxide. 

(3) The pero.xides are readily transformed by hydrolysis into ludrogen 
peroxide whicli is also formed as a primary product during hydrolytic oxida- 
tion. Owing to its rapid rate of diffusion the accumulation of hydrogen 
peroxido might damag ) cell protoplas.n, to guard against this the cell produces 
an enzyme calahse which rapidly decomposes hydrogen peroxide into water 
and i.iert oxygon. Calahse thus acts as a regidatoi of the respiratory process. 

(t) To effect hydrolytic oxidation an enzyme perhydridasc is present, 
which accelerates both oxidation and reduction just as do the metals of the 
platinum group. 

1 Traube. Thtcrk der Ferment Wirl-tnigen, Berlin, 1858. 

2 Schmiedeberg Areli. Exper. Path. Plntnn. 14 , 288. 1881. 

8Jacq«et. .. .. 29,388.1892. 

« Bach. • Ardi. Sci. Phys. Eat. 36 , 240— 2e-2. 1913. 
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Tho reductase consists of the enzyme, water, and air oxidisable substances, 
which fix the oxygen derived troni the water, leaving the hydrogen free to 
effect reduction'. 

Bach and Cliandal’s theory with regard to the mechanism of cell oxidation 
and more particularly oxidation in the vegetable cell has been examined 
and criticised by Jloorc and iVhitley-. 

These authom as a result of their investigations show a difiorenoc between 
the oxidising action of various vegetable juices and conclude that all such 
juices show the presence of only one type of enzyme engaged in the piooess 
of oxidation, this they term a peruj:iflase. TIrey moreover suggest that this 
enzyme synchronises with the class of hydrolytic ferments and with the active 
bodies in natural and immune sera iu forming a connecting link between them. 

In all three classes o( enzymic action three interacting bodies are required. 
Ill the case of the hydrolysing enzymes there is (a) the combining siihslrnle, 
the food stuffs, carbohydrate, or fat (b) the cotnbiniiig body, tho elements of 
water, finally— intermediary acid or alkali, in the presence of which alone the 
fornieiit is active (c) tho calolij.il, one of the digestive or other hydrolytic 
ferments, example, pepsin, Injpsin, amylase, zipnase, lijMse. 

In the case of oxidising femenls we have (o) substrate, the oxidisable sub- 
stances, such as tyrosin, the naturally occurring phenols in the plants, or the 
chromogeiietic indicators used by Moore and Whitley in their experiments ; 
(b) the combining fow/y— oxygen yielded either by hydrogen iieroxide or by 
organic peroxides ; (c) the colaigsl, enzymes such as tyrosinase, laccase, etc. 

In the case of immune sera there is [a) the substrate, the cell or bacterium 
to bo dissolved or the toxic or foreign substances to be attacked or rendered 
inert, (6) the combining body — the complement or thermo-labile substance in 
the absence of wbicb the reaction cannot proceed, and (c) the catalyst, tbcspecific 
immune body or anti body which attacks and disintegrates the foreign coll, 
or neutralizes the toxic .substances. 

One of the most interesting and important of these ferments from the 
point of view of this paper is the so-called tyrosinase. This substance was 
first found by BertramP in many genera of tho Fungi in which it is associated 
with another oxidase laccase which however only acts on quiiiol and pyrogallol. 

1 Abstract -lour. Chem. Sue. CIV, 191.3, p. .113. 

2 Moore and Whitley. Properties and Classification of tho O.xidising Enzymes. Bio 
CMm. Jour. 1909, p. 136. 

i Bouvquelot and Bertrand. Jour. Pharm. Chem. Q, 3, 177. 1896. 

Bull. Soc. Mycol. France, 18 , 27. 1896. 

Compl. rend. 122 , 1132, 1215. 1895. 
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Tyrosinase acts on tyrosin (hydroxyphenyl alanln) in the presence of 
oxygen or air forming a dark blue black solution (inclanine). The dark colour 
of old and broken fungi is due to this oxidised tyrosin. The same or else a 
similar enzyme has been identified in the stomach juice, s of starved meal worms 
by Biedcrmann^ which will act upon tyrosin. The darkening in colour o[ 
some insects alter death, the so-called melanosis, has been shown bv Von 
Furth and Schneider^ to be the result of the action of a similar oxidase ferment. 
The larva of Attngenm unduhhis. one of the insects infecting wheat in the 
Punjab, shows marked evidence of melanosis after death; - while living the 
larvae are pale yellow or almost white in colour with a tendency to ted. After 
death this changes to a dark hrowu. The presence in both vegetable and 
animal tissue,? of oxidase ferments capable of litingiug about the oxidation 
of such inert substances as tvrosin which are able to resist all but the most 
powerful of the reagents at the disposal of the chemist, indicate.s that they 
play an important part in the prooes,s of cell oxidation — the final stage of 
respiration, but further evidence seems wanting to show that respiration is 
actually due to the presence of these ferments, that it is in fact an enzymic 
process. 

To prove this successfully wo must produce the ordinary etfeots cf respira- 
tion imder conditions in which the animal as a living organism has been des- 
troyed, but in which any ferments jiresent in the tissues have boon left unim- 
paired, and secondly, we must show that the de.stniction of the enzyme 
results in the checking of all such respiratory processes, Thi.s result has been 
achieved in the following series cd' c.xperimer.ts. 


Experimenl. 

The emi/me. Larviv of Altogenus iindultilnf: were collected in quantity 
by placing folded sheets of brown paper in mas.sos of infected grain, the larv* 
either to avoid the light or for the sake of warmth, collected in the fdds on the 
underside of the paper. 192 grama of the larva', separated and collected in the 
afternoon were allowed to stand overnight in a beaker. On the fi llowing 
morning it was noticed that a considerable quantity of moisture was deposited 
on the upper portion and on the cover of the beaker. It was also noticed 
that these larvae in mass had a temperature of 22’ I C. On exposure to 
fresh air and transference to a second beaker the tempo atme of the 
latvse rose from ‘22'1'C co 28'9'^C in the course of l.u minutes, indicating a 

I Biiniermauii. FfiUtjcf* Arch. 72. lOo. ISOS. 

* Voii Furth and Sciimidcr. IlofnitisUr a flcUroUf. 1, --0. lOUl. 
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rapid reaction with the fresh oxygen with which they had been brought in 
contact in their transfer from the beaker in which they had been stored 
overnight. 

The above quantity of larva? was mixed with an equal weight of fine sand 
and reduced to a pulp, chh roform water being added from time to time during 
the process of grinding. In all ‘2‘2 c.c. of water were added. The mixture was 
allowed to stand for one hour at room temperature, and then strained through 
a fine cloth. The filtrate measured 170 c.c. and was of a grey colour and was 
fairly thick. 250 c.c. of 96% alcohol were then added and the precipitate 
formed, separated by filtration tl rough a Buchner funnel. The precipitate was 
taken up with chloroform water, filtered, and again precipitated with 96% 
alc.ihol. The second precipitate was washed w ith a small quantity of water to 
remove the alcohol and then suspended in 100 c.c. of water and covered with 
a layer of toluene and placed in a stoppered bottle. 

A .second solution was prepared using only chloroform water to extract 
the powdered larvae. No precipitation with alcohol was here resorted to. 
These two solutions were used to test for /yrosiii'o'c. Pure tyrosin prepared 
bv Fischer’s method from silk by acid hydrolysis was recrystallized from 
water, and aqueous solutions of 0-06%. O' 1% and 0T)'^„ strength prepared. The 
action of the enzyme was tested by adding to 5 c.c. of the above solution 
contained in a test-tube 6 c.c. of tlie enzyme solution, closing the tube with a 
cork and maintaining it at a constant temperature of :50'C. After periods 
varying from 1 to 18 hours a dark bluish black colour is developed in the 
upper layer of liquid (nearest the air). This colour was more intense in the 
case of the solution of tyrosin and with the unprecipitated enzyme 
solution. 

The. action of the enzyme was then studied on (1 ) eugcnol (2) catvacrol 
(3) toluidine (4) o, m & p. xylene (5) phenol-phthalin (6) thymol. 

2% solutions of these substances were prepareel in alcobnl of 20% strength 
(except phenol-phthalin which was of 0'25% strength iji a0% alcohol). 5 c.c. 
of the test and 5 c.c. of the enzyme solution were as before placed in a corked 
tube, shaken, and placed in a constant temperature bath at 3()^('. for 18 
hours. .411 these substances showed signs of oxidation, but it was more 
developed in the case of the three xylenes. 

In the case of the enzyme solution prepared without alcoholic precipita- 
tion. a slight black colour itself developed which grew more marked after the 
lapse of some time. This indicates the presence of tyrosin as well as tyrosi- 
nase in the body of the weevil, both of which substances pass into solution 
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m chloroform water, the amount of tyrosin is evidently very small. In 
order to test the hypothesis that ozone or nascent oxygen is or may be pi-e.sent 
in the cell during active oxidation, a solution of tvrosiii mixed with enzyme 
solution was subjected to the action of ozone. If the hypothesis were correct 
we should expect more rapid oxidation of the tyrosin hy this means. As a 
matter of fact no colour was developed, the enzyme being evidently de.stroi ecl 
by even traces of ozone. The action of the enzyme was completelv inliibited 
by boiling the solution. 

llither also appears to destroy the enzyme. An attempt was made to 
prepare a solution of the enzyme after removal of the fat by ether. Tho 
erushed larv® mixed with sand were first e.xtractcd with ctliei: to remove fat 
and afterwards with chloroform water. Tlie a(|ueous extract so prepared 
tailed to bring about the oxidation of tyrosine. Eitlier the enzvine had been 
destroyed or was entirely removed in tlic ethereal wa.sliing. 


liifliienci: of ((ci'/ or o.lhilt on the nciivittj of the cir-ijme. 

rile acpieous extract of tlio crushed larvte was found to be faintly ac’d 
to litmus, this we should expect, as partial oxidation of tho fats would take 
place in the process of preparing tho solution, w'tli the formation of acid 
bodie.s. The solution so prepared wa.< found tc give hut a slight reaction 
towards tyrosin while in this acid condition. Rendering the liquid 
faintly alkaline witli either ammonia or sodium carbonate iiulnoed a 
much more rapid reaction, ammonia being more effective than sodium 
carbonate. 

Consequently in all subsequent tests made tor comparison the enzymic 
solutions were rendered faintly alkaline with ammonia. Abdei'haldeu and 
Guggenheim* showed the necessitv of using alkaline solution in working with 
tyrosinase. These authors used sodium carbonate of 0’yi% strength, 
tjTosiu of 0 05% strength in working on li/rorinnse. 

Ill the higher animals there is no doubt that alkaline phosphates are 
always present in the plasma and these alkalies play an inipoitant part in 
regulating the amount of carbon olioxide held in solution. The protein sub- 
stances are actually present in sonic cases as alkaline salts in the serum, and 
as tile CO 2 concentration increases it undoubtedly replaces the protein in 


I AIhIctIiuMi’ii -iinl (iiigiicuhcitn. Zeit. fUr Phif^-iohg. Chaitu 54, 331. 
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its combination with the alkali’. The oxidase enzymes then are probably 
adjusted to work under alkaline rather than under acid conditions and 
this observation of ours confirnis that ol Abderhalden and Guggenheim. 


Expekiment. 

Effect of sldiriiHj the knee ivilh a limiled suppbj of air. 

Fifty grammes of larvie were placed in the incubating tube of the appa- 
ratus described on page 231 and the gases of the tube analysed at the end of 
twenty-four hours, and again after three or four days. The following table 
shows the effect of the treatnient. 

Table XXXll. 


0. 0 f 

expeiiment i 

1 

Date of cliaigjintj 1 
the tube 1 

Date of 

1 analysis 

Carbon dioxide % 

ijxygeii 

Experitneiit 1 

I“.3.19i4 

19-3-19U 

■_M'8 

i-os ■ 



:i 1914 

26-4 

l}'6(i 

Experiment 2 

; 27-3-19U ’ 

2S3I9U 

2.5-0 

MO 



31.3 1911 

•-'6-6 

109 


We expected to find that as the (pxygen of the air present in the incubation 
tube became exhausted the latvse would die from asphyxiation, the actual 
lethal period varying according to the condition ” of the larvae. But it 
is clear from the above figures that the process of respiration has continued 
after the exhaustion of the supply of atmospheric oxygen. 

Taking the coinpo-sition of the air by volume to be 21% oxygen and, 79% 
nitrogen and other gases, we sec that the amount cl carbon dioxide produced 
in excess of the atmospheric oxygen used is from 4-8% to 6'6%. For we see 
from the above figures that the last 1% of atinosplierio oxygen present in the 
tube has not been available for respiration— ui other words, the animal has not 
been able to make use of this — but that after the removal ol 20 out of the 21 

' .'Serloti. Hop[)o-Seyler. Medizin. (Jhtm. unter-^uch. Berlin, 

„ PJlwjcr's. Arch. 68, oil. 1894. 

■ „ die Kvhhnsdure des Blaten, p. H, lUmn, 1884. 

,, MemAr de 1’ Ac(td. de Pt. Pelereiburr/, 26, 80. IS70. 
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volumes of oxygen present (that is 95% of the oxygen oiiginally piesenc) 
the larvae fall back on an internal oxygen supply, and respiration continues 
with the production of a further 5% or 6% of carbon dioxide. Since 
there is no supply of stored oxygen in these larvae similar to that in the blood 
of the higher animals we must concede that the carbon dioxide has resulted 
from the partial decomposition of chemical substances rich in oxygen, prc.sent 
in the tissue of the larvse. Most insects in the larval .stage secrete large quan- 
tities of fat which serve them as a reserve food-supply during the pupal stage. 
We therefore analysed the larvie of AUiigeiv.t’i unduhtm both before and 
after starving in an enclosed space similar to the above experiment. In 
this method 50 grams of larva' were taken for analysis, crushed with cxces.s 
of sand, and extracted with ether in a fkixhlet’s apiparatus, and the amount 
of fat in the ethereal extract determined. 


Table XXXIII. 

Ejects of slarmi ion in on enclosed oiinosjihere oh the fat confen's cj 
the larvcB of Altayenos undnlolos ■ 

Percentage of fat in the fresh larva* . . . . 28-73% 

Percentage of fat present in the same larva starved for 5 days 26'3% 

The time at our disposal did not allow ns to investigate tlie exact 
chemical nature cf tlie fats, nor is this essential to the cmiuiiy. These will 
probably consist for the most part ol glycerides of the saturated fatty acids, 
and both the trihydric alcohol glycerine (.' cF. ClI (H. C (H 
and the fatty acids combined with it COOH) can under suitable, 

couditlous be made to yield a supply of energy by partial reduction, with the 
formation of earbon-dioxidc and carbon compeuuds richer in carbon and 
hydrogen, or even of hydrogen itself, as is the case in the anaerobic fermenta- 
tion of cellulo.se. 

In all probability hydrolysis of the fat first takes place with the foriuatiun 
of fatty acids and glycerine, and this glycerine is almost cerLaiiily the soiuce of 
the energy indicated by the presence of the excess of carbon dioxide produced, 
as in the reduction of the higher fatty acids a small amount of carbon- 
dioxide would be accompanied by the production cf relatively large quantities 
of hydrocarbons which could not have escaped notice. In the experiments 
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stated above large quantities of hi'drocaibons or of hydrogen were not 
produced though traces were found. 

The next step was to obtain proof that tlie reactions noted above were 
euzyiuic. In order to do this it was merely necessary to destroy the larva 
as a tiding organism but under such conditions as would leave the enzymic 
contents of the tissue unimpaired. If respiration is then a result of enzymic 
action, either simple, or complex, we should obtain an absorption of atmos- 
pheric oxygen, and after this had all disappeared, a further production of 
carbon-dioxide from the breaking down of the. hydrolysed fats present. 

Erpaimenl. Varying quantities of fresh larvse wore n duerd to a fine 
powder with excess of sand (recently ignited and cooled to destroy any organic 
matter, bacteria, etc.), the amount of sand added being regulated so as to yield 
A fairly dry granular ma.ss after grinding. 

.4 little chloroform (and in another e.xperiraent toluene) wa.s added to 
the mass in grinding to render this sterile. The incubation lube described 
above was then sterilized with chloroform vapour (or toluene) and t)ie sand- 
larval mass introduced. Chloroform va])our was now passed through the 
whole apparatus for 20 minutes to tender the ineubathiii tube and its contents 
sterile, and this vapour was afterwards removed by a cuiieut of sterile air 
passed tor from 20 to minutes. The tube was then closed and kept at a 
constant temperatiu'e of 30'C and the gases of the tube aiialy.sed from time to 
time. The precautions taken to ensure tlie sterilitv of the tube and its 
contents were to prevent any bacterial changes taking place in the crushed 
material. X control e.xperinient was done subjecting the mass to steam heat 
i n an autoelave for 20 iinnutes at 115*^0 and as this failed to destroy the enzyme 
a second control was rlone destroying the enzyme by subjecting it to a tem- 
perature of 12.5’ C. for 30 minutes in the autoclave. 

In connection with the difficulty here experienced of destroying the 
“ oxidase ’ by steam heat we would cite Wood’s^ experience in the case of 
tobacco oxidase ; he found this enzyme to be very refractive to destruction 
by lieat. Moore, and Whitley^ also refer to the difliculty of destroying 
vegetable “ peroxidases ’ by boiling their solutions and cite that potato 
juice may be boiled for half a minute without accomplishing this 
destruction. 


i Wood. hull. V. h. Dejit. of AtjriiuUure No. 18,, |>. 17. 

^ Aloorft and Whitley, Bio-Ckem. J. Vol. IVj 1901), p. 139. 
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The following table gives the results obtained : — 


Table XXXIV. 

Analysis of gam expired hy sterile rrmhed krm' of A. innhihtvs 
ix'ith a limited supply of air at a temperature of 30"C, 


Experiment 

Time of in- 


^ Hjdiopen 
% 


cubation 
in hours 

dioxide 

0/ 

/O 

Methane 


\ 18 hours 


n-u 


( A) 7'86 Rrams of larvie sterilized wiih toluene 

■30 „ 

‘21*18 


2'4 



21-7 

7 

2'0 

(B) 9'47 giaroa of larvie sterilized with clilo- 

'1 18 hours. 

22-7 

■J’C5 

0-98 



reform. 

30 

21 09 

o-es 

1*7 


lie ,. 

21-8 

0-85 

(1-97 


) 18 hours. 

20-8 

1'03 

1-54 

(C) 17'05 pi ams of larvie sterilized with chlo- ! 



roforin. 

30 ,. 

•29*2 

fl7 

1'94 


14.5 „ 

31 -112 

1'92 

2‘26 

i 

1 18 hours. 

12-8 

c;, 

1-8 

(D) 5'6S piams of larviv s-terilized vrith elilovo- J 





form. j 

[30 

not 

analysed. 

not 

analysfd 


1 

* 15 

•22‘1 

10'’ 

1-9 


\ 18 hours. 

(1-06 

t-8 

0‘(i 

(E) Cortro! 16“i prams of l.irviv sterilized in 





steam autoclave for ^0 minutes at 115 C. 


1-9 

fl'fl 

M 


,, 

S*0 

l‘U 

1*06 


1 18 bours. 

0-07 

0-8 

0-8 

|F) Control 6'4 grams of larviv sterilized in 





the steam autoclave for 30 minutes at 1*25 C 

30 „ 

not 

analysed- 


not 

analysed. 


45 .. 

0‘2 

O’oS 

1*9 


It is very clear from these figures that the chemical processes of respi- 
ration as indicated, hy the absorption ot oxygen and the proihiction of carbon- 
dioxide have gone on in the larva; alter death in an exactly similar n'aunet 
to those in process during life. It is in fact respiration afler death and the 
proof that the action is enzymic is shown in the analyses of the gases in 
experiments E and E where the enzyme has been partially or entirely destroyed 
by steam heat. The import.ance of this result cannot be toe greatly emphasised 
both in its theoretical and. practical aspect. It disposes of all the older 
theories regarding the mechanism of the respiratory process ai d proves beyond 
doubt that this is enzymic. It meets the demand of the physiologist that 
respiration is really a cell function no matter how or by what means the oxygen 
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actually reaches the cell plasma cr whether the cell is vegetable nr animal and 
that the actual oxidatiou of the nutrient present there, is under the control 
of the cell protoplasm. The presence of oxidases in plant tissue indicates 
that respiration in the vegetable cell is the same in all its essential features 
as that in the animal cell, but the greater demands of the latter for energy- 
result in a larger display of the chemical processes attendant on respiration. 
It is in such members of the vegetable kingdom as exhibit abnormally rapid 
growth like the fungi, that we find tliesc oxidases in greatest abundance, and. 
their presence there evidently indicates that respiration is proceeding at a 
rapid rate. The cliange in colour of these bodies alter death is similar to 
the phenomenon of melanosis in the in.sects. and. there, as in the case we have 
examined, we shall no doubt find that respiration proceeds after the death 
of the plant, using the term rleatli to cover the disintegration of the plant 
as a whole but not the destruction of the. enzymes. 

It is well known that aerohe.s placed in an atmosphere of hydrogen continue 
to produce carbon-dioxide until death ensues, and that even when placed in 
a vitiated atmosphere containing only or 4% of oxygen a volume of carbon- 
dio.xide is evolved which greatly exceed..s the amount of oxygen consumed. 
Stick has shown that in such cases the plant accommodates itself to the changed 
circumstances and after some time the diminished oxygen sup]dy suffices for 
the diminished tespiratory activity. 

What is of equal impor-tauce it has been observed by many workers 
that in the so-called intramolecular respiration of plants reduction products 
of the sugars such as alcohol and hydrogen in addition to carbon-dioxide liave 
been found. 

Pfeifer states that the intramolecular rcspiiation of plants is not directly 
connected, with the decomposition of protein substances but he overlooks 
the fact that it may have a very important hearing on the vitality of the 
embiyc in throwing the wliole burden of supplying the jiecessary energy to 
maintain the vital processes on the internal cle .vage of sugar and protein 
substances as well as intermediary compounds of these. 

The resistance, of aerobes to a vitiated atmosphere or to use Pfeficr’s 
words “ the intensity and, character of intramolecular respiration ” is depen- 
dent upoi, the specific nature of the plant and upon the quality and quantity 
of the available food materials. 

Reference may be made to Pfeifer’s Physiology of Plants, volume 1, page 
636, e( seq., where a biblicgtaphy of the original papers dealing with the 
respiration of plants is given. 
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I’he next impci-tant step in proA-ing the fimotion of these oxidases in 
animal tisEues is to examine their action on the puriu bases and paiticularh- 
their action on xanthin. This has already been done by Von Bniiaii and 
by Wiechnowski and H. Wiener.* These authors obtained an enzyme 
capable of oxidising xanthin to uric acid by extracting the finelv powdered 
organs with a 0 05'’'(, solution of .sodium carbonate. We hope to repeat 
this work on A. un'{iihi,'u,i when the larva; are again available in rpiantitv. 

We may now venture to interpret our previous results and observation ,s 
in the light of these, latter discoveries. 

Takin," first the case of carbon-dioxide and its effect on the larvae of A. 
imdidafm we have already noted that on first introducing the latvfe into the 
gas a short period of intense activity extending over only a lew seconds, wa,s 
followed by a lengthy period of oema varying from OS lioius in one experi- 
ment at 30'C to 87 hours in another at the same tem])eratnre. When first 
introduced into the gas. the tracheal system of the insect is not uniformly 
charged with air. In the case of man it has been shown that it is only 
the composition of the air in the alveoli which regulates tlie rate of gaseotts 
exchange between the outer air aitd the blood gases- *and so in the insect 
it will be this composition of the ait in the finer capillaries of the 
tracheal system wliich will come into play. Evidently then the first effect of 
a decreased carbon-dioxide exchange from the insect to the outer air clue to 
the rapidly increasing concentration of carbon-dioxide in the tracheal 
system, will be instantly followed by muscular effort, both of the rcspii'atnry 
muscles of the trachea in their increasing demand for air. and of the whole 
insect to escape from an undesi able citvironment. In a very short time, 
however, the insect is out off from gaseous oxidation and all muscular activity 
ceases. It now enters on a more or less lengthy resting period from which, if 
not restored to air at a suitable temperature, it will ultimalely and impercept- 
ibly pass the boundary between life and death. Since it is clear that during 
this period the organism is cpiite cut off from all external supplies of oxygen in 
the gaseous form, and since any oxygen present hi the insect will be rapidly 
used up or passed by diffusion into the outer atmo.sphere of carbon-dioxide in 
the trachea, and as we have shown above, the iuseet is incapable of using 
more than 95 per cent, of the atmospheric oxygen when the air is replaced 
by carbon-dioxide, it must be making use of chemically combined oxygen to 
maintain the life processes during the period of coma which precedes death. 

• ' Von Bui'ian, Wifchnowski and Wiener, Hof. BeitrUfje S, *217 and 295, 1903. 

i Wolffberg. Pfingtr's Arch. 4, 465, 1S71, and 6. *23, 1372. 

& Nussabaum. PfiHger's Arch. 7 , 290. 1873. 
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This energy as we have already seen is derived from the reserve food in the 
form of fats, and is rendered available by an oxidase enzyme. The wide 
difference between the lethal periods for carbon-dioxide at different periods of the 
year shown in graphic f .n-m in Figure 1 as well as the difficulty experienced in 
obtaining concordant result in the same expeiiinent with all the insects {see 
Table XXVII. page 234) indicate that the personal factor in each insect is 
regulated by the activity of its enzymic contents at the time of the experi- 
ment. Since these enzymes then play the part they seem to do from these 
observations de.scribed above, their presence is clearly connected not only with 
the process of respiration but in some modified form controls the supply of 
energy from the internal coiidmstion of fats which must take place when the 
animal is cut off from air, either artificially a.5 in the above described 
e.xperiment where we ha\-e placed it in an atmosphere of carbon-dioxide or 
other gas, or in the natural state during the pupa and metamorphosis stage in 
which there appears to be no provision for ordinary respiratory processes. 
.4 parallel case to this may be cited in that of the higher animals which 
hibernate. Such animals are well-known to oonserve a considerable amount of 
reserve food in the form of fat ; issuing from their winter quarters they 
arc invariably lean and most or all ol the, fat has disappeared.' In these 
oases we know that respiration continues at a slower rate, but it may 
be helped by internal respiration. We (the authors) have no information 
regarding this process and in the light of our results it appears to offer a 
fertile field for enquiry on similar lines. It will be remembered that we have 
shown carbon-dioxide to have an injurious effect on the germinating power of 
wheat, and we have not had time to examine the comparative effect of hydrogen 
and nitrogen on this value in addition to that of oarbou-dioxide but respiration 
in the embryo of the grain is no doubt carried on in exactly the same manner 
by means of enzymes, hence the deleterious effect of carbon-dioxide in cutting off 
the supply of atmospheric oxygen and so allowing the embryo a less supply 
of energy from the nutrient foods contained in it, viz., only the energy available 
from the cleavage of the food substances. 

We ate at present unible to offer a complete explanation of the shorter 
lethal period in the ease of the gases of less density. The laws of gaseous 
diffusion must apply, and be in part responsible for the shortening of the period 
in the case of gases lighter than carbon-dioxide, for in the production of carbon- 
dioxide by the cleavage of compounds rich in oxygen such as evidently 
takes place in the larva; of Altagems imdukitiis, the rate at which this will 

’ earlier, E. W., and Evans, C. A. L. .Jimrnal of Amthmy and Physiology. Vol, 
XXXVIll, pp. 16—31. , . . 
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diffuse out via the tracheae into the outer atmosphere, must be greater, as this 
atmospliere is made one of less density, and thus fat our results confirm 
Graham’s suppositieu. But this is not all, fer we have seen that no nuineiicai 
relationship can be established between the rates of diffusion of the different 
gases and the lengt-h of the lethal period. 

The shorteixing of the lethal period with increase of temperature, 
proceeding as it does in a regular manner in some of the cases examined, 
indicates this period is in all probability a function of a chemical reaction and 
obeys the laws governing clicinical reactions. This is no doubt true since both 
hydrolysis and cleavage as the, result of enzymic activity will proceed at an 
increasing rate with the rise in temperature until the optimum temperature 
for the working oi the enzyme is reached, alter whicli the curve will break awav 
to the ordinate. This point eviifently has not been reached in our experiments 
with carbon-dioxide, hydrogen, or niiiogon. More rapid hydrolysis and 
cleavage w ill result in a more rapid production of carbon-dioxide, a more rapid 
consumption of the available food, and a general tendency to shorten the coma 
stage or lethal period. Thus far we seem jnstified in ijiterpneting the results 
obtained witli the. effect of the gases carbon-dioxide, hydrogen and nitrogen 
on the beetles A. iiiidiiJali.is, E. dontnticn. and ('. ori/za'. 


tfl'M.n.XRY. 

This portion of the emptirv ha,s proved the pucess of respiration to be 
the result of enzymio activity ninior tlic control of the cell and experimental 
evidence in support of this i.s produced in .separating the paiticulai type of 
oxidation which takes pilacc in the larvte of AtUu/cnuK loidukitu-i from the 
living processes. 

Tlte inert gases carbon-dioxide, hydrogen, and iiitrogeit, have been 
shown to have very different lethal periods, and the lighter or less dense 
the gas, the shorter the time taken fo kill the insect. 

Increase in temperature also brings about a shortening of the lethal period. 
Respiration being shown to be an enzymic action the ordinary chemical laws 
governing the rate of chemical reaction w-ill apxply, increasing velocity of 
reaction with increasing toniperirtnre. 

Gaseous diffusion also plays some part here in the less dense atmosphere 
hastening the diffusion of the carbon-dioxide produced by internal respira- 
tion, and so accelerating the consumption of the available food. The lethal 
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periods do not eeincide with' the diffusion ratios calculated from the gas 
depsit'es. 

We are forced to the conclusion that no inert gas (such as carbon-dioxide) 
can be economically used as an asphyxiating agent for these insects, owing to 
their ability to enter on a luberuating ” stage when atmospheric oxygen 
fails them and also because carbon-dioxide itself materially . affects the ger- 
minating power of wheat. We must therefore turn to the use of chemical 
deterrents or mechanical methods of treatment. 



CHAPTER V. 


The effect of moistness and dryness. 

This subject has been dealt with by several writers, and a summary of 
the informatiou on the subject is yiven by Noel Patou.’ who quotes the 
conclusions arrived at by Fletcher. The most important i.s number three which 
states; — “Whilst containing les.s than 8 pet cent, (moisture) stored wheat 
is immune, from attack by weevil, and any weevils which may obtain access 
to it are soon killed off.'’ 

From this Noi'd Patou wa.s led to conclude that de.siccation would bo an 
effective means for preserving .stored grain, and goes so fai' n.s to say : — 
“ But iu view of the facts demonstrated by Hessis. Fletcher and Feather the 
prob.ibilitv is that the elevators will have the effect desired, m t through 
employing gas of any kind but through the operation of their drying 
appliances.” 

This conclusion is. however, premature, for the experiivients carried out by 
Fletcher were with C. oryur only, but by the use of the term “weevil iu the 
conclusion drawn from the experiments, a wider significance is conveyed to 
the lay mind than the experiments warranted, since all in.sccts attacking 
wheat ate “ weevils” to the uninitiated. 

As has been previouslv pointed out. the insects winch have to be dealt 
with in the Punjab are three in nuinbeiv tne being C. ory:(i and it was neces- 
sarv to know whether the other two A. iwihihivx and R. donmwn behaved 
in the same way towaiils dryness as C. orymr lad kf«i shown to do. 

Two series of experiments liave been carried out, each of a different nature. 

Whilst at Pusa one of us (A. J. G.) earned out a senes of tests in 
collaboration with Leather on similar lines to those conducted by Lefroy and 
Fletcher, but dealing with each of the insects concerned separately. The 
experiment was divided into two sets, iu the cue, glass stoppered bottles were 
used and iu the other corked tubes sealed with paraffin wax. The vessels 
were divided into series and were filled with wheat contammg roughly the 
following percentages of moisture, 5%, i%. 10% and lo/o> and into each 
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vessel 20 live insects were placed. In the case of C. oryza and R. dominica 
adult beetles were used, but with A. undvlalns lan-recnly, as adults were net 
obtainable (it was not known at the time that these experiments were conduct- 
ed that it was only in the larval stage that this insect damaged the wheat). 
The wheat which was placed in the stoppered bottles was fumigated with 
carbon-bisulphide before being moistened or dried so as to bring its moisture 
content to the required amount, but that which was used in the tubes was 
not fumigated but had been carefully exr mined and selected. The reason 
for this was, that in some preliminary experiments with fumigated wheat, the 
insects had all died, and it was thoitght that perhaps the fumigant may have 
been tisponsible for this. For each percentage (,f moisture there were three 
bottles and tliree tubes for each species, so that the experiment was done in 
triplicate in each set. 

The series in the glass bottles w ere started on 22nd October 1913 and those 
in the tubes on 21tb November. Bi tb remained undi.sturbed in the labora- 
tory until 1st December when, the temperatrae falling below what was con- 
sidered desirable, they were placed in a large constant temperature chamber 
at 30'C., where they remained irntil January 1914. .411 the vessels were 
opened and examined between 16th and 23td January, and the results 
obtained are given in the follow ing tables in which the numbers 1, 2 and 3 
refer to the stoppered bottles containing fumigated wheat, and 4, 6 and 6 
refer to the paraffined corked tubes containing unfamigatcdwhi at in each case. 


Table XXXV. 
A. unduhlu.i. 


i 

No, 

Percentage 

of 

moUtiire 

1 So. of ' 
; insects ' 
j put ill 

No. of 
insects 
found 

No. of 
insects 
alive 

No. of 
insects 
dead 

Rsuabas 

1 

% 

5 1 

20 

i 

1 19 

t(i 1 

19 

3 cast skina. 


; 5 

20 

1 '9 ^ 

: 

9(*) 

p) 8 larvse, 2 beetles. 

(*) 3 larvse, 6beetles. 

1 45castakina. 


5 

20 ; 

16 


16 

3 cast skina. 

4 

5 

20 1 

' 20 


20 


5 

5 

20 

23 

t7(») 

60 

<”) 15 larvse, 1 pupa, 1 beetle. 

(*) 2 larvfe, 4 beetles, 36 cast 
skina. Uf the live laws 4 were 
very small and had evidently 
hatched from eggs. 

9 

5 

20 

1 

18 

!«(•) 

20 

(*) 16 larvse. 

(^) 1 larva, 1 beetle, 42 cast skins. 
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Table XXXV — conkL 
A. an*hfh(tu8 — c(»ucl(l. 


r 

No. 

1 

Percentage 

of 

moisture 

No. of 
insects ■ 
put in 

No of 
insects 
found 

No of 
insects 
alive 

So- of 
insects 
dead 

Remarks 

1 

I 

1 i 

% 

7 

20 

18 


18 

5 cast skins. 

2 , 

7 

20 

20 

10 

19 

I4(') 

5(») 

19 

(^) 8 lai v®, 1 pupa, 5 beetles. 

(8) 5 beetles, 63 cast skins. 

found. 

38 cast skins 

1 

4 ' 

7 

20 

17 

IOC) 

i(“) 

(®} 15 larvse, 1 beetle. 

1 beetle, 39 cast skins. 

j 

7 

20 

20 


20 

4 cast skins. 

6 

7 

20 

19 


19 


1 

w 

20 

16 


16 

*2 east skins. 

2 

1(1 

■20 

17 


17 

13 cast skins. 

3 

1(J 

>4 

19 

... 

19 

6 cast skins. 

4 

11 

•20 

15 

!:!(■•) 

2(") 

(»i) 9 larvte, 4 beetles. 

2 hrvie, 2 beetles. 

Ii8 cast skins. 

5 

11 

20 

17 

... 

17 


ti 

ll 

20 

14 

3(‘>) 

lie*) 

(>*) 3 larvs 

11 larv», 19 cast skins. 

1 

12 

20 

17 


17 

9 cast skins 


12 

20 

11 

5(>‘) 

6('«) 

(^*) 5 larvse. 

1'®) 6 larva. 

!$2 cast skins 


12 

‘20 

19 


19 

5 cast skins 

4 

[2 

20 

16 

ISC') 

!(■>) 

(>^) 14 larvse, 1 pupa. 

(®*) 1 larva, 30 cast skins. An in- 
fection of C- orpswhad occurred. 

5 

13 

20 

20 


20 


6 

12 

20 

18 


IS 


1 

15 

20 

20 


20 


2 

15 

2(1 

17 


17 


3 

15 

*20 

19 


19 

3 cast skins 

4 

Id 

20 

18 


18 


5 

15 

20 

20 


'2f) 


6 

15 

20 



,7 

12(>») 

Sf") 

(*“) 1*2 larvse. 

(*®)5]arv£o, ^ cast skins. An 
infection of C. oryxa had 
occurred. 
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Tart.e XXXV - — contiL 
B. (Imninka. 


Percentage 

No. of i 

moisture | 

No. of No. of 

ii) sects insects 

put in found 

_ 1 

No. of 
insects 
alive 

No. of 
insects 1 
dead 

Remarks 

1 

0/ 

/O 

5 1 

i 

20 

1 

i 

17 ; 

3 

1 

14 1 

1 


0 

^ i 

i 

20 i 

t 

■" ; 

20 1 


3 

5 

20 1 

20 i 


20 ! 


4 

a 

20 

20 


20 ’ 


D 

5 

2fl 

19 ] 



6 

5 

20 

18 

16 

•> ' Several eggs found. 

1 

7 

20 

13 

16 J 

3 

2 

7 

■2ti 

20 


20 j 


3 

7 

20 

20 


20 ; 


4 

7 

20 

21 

14 

7 

5 

7 

20 

19 

... 

19 1 


6 

: 

20 

20 

15 

5 1 


1 

10 

20 1 

28 

12 

16 


2 

10 

20 ’ 

20 


20 


3 

10 

20 : 

20 

... 

20 


4 

11 

20 i 

20 


20 1 

5 

u 

20 

20 


20 


6 

11 

20 I 

• 20 

U 

6 


1 

12 

20 

20 

23 

3 


2 

12 

20 

20 


20 


3 

12 

20 

19 

1 

19 


4 

12 

i 20 

20 

i 

20 


5 

12 

' 20 

19 

i 

19 


6 

12 

20 

18 

i - 

18 


1 

15 

20 

20 

I ^ 

11 


2 

15 

20 

20 

i 

i 

20 


3 

15 

20 

21 

1 

1 21 


* 

15 

20 

20 

i 

20 


6 

15 

20 

20 

i 

20 


6 

15 

20 

17 

] 

17 
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Table XXXV— concW. 
G. oryzw. 


Percentage 
. 1 of 

moisture 

No. of ; 
insects i 
put it) ! 

No. of 
insects 
found 

No of 
insects 
alire 

No. of 
insects 
dead 

1 

ft/ 

/O 

5 

■20 1 

21 


21 

•> 

5 

20 j 

•20 

... 

20 

3 

u 

20 

22 

... 

.»•) 

4 

3 

•20 

■20 


•/9 

0 

5 

20 

20 


•20 

6 

0 

20 

20 


20 

1 

7 

20 

21 


21 

2 

7 

•20 

22 


22 

3 

7 

■20 

21 


21 

4 

7 

20 

19 


19 

0 

7 

20 

19 


19 

6 

7 

■20 

21 


24 

1 

10 

■20 

20 

... 

23 

2 

10 

20 

21 

... 

21 

3 

lU 

•20 

41 

17 

27 

4 

11 

2U 

2d 


•25 

<3 

11 

20 

25 


•25 

6 

11 

20 

•23 


23 

1 

12 

■20 

2*1 


20 

•1 

12 

20 

25 


25 

3 

12 

20 

44 

V2 

3-2 

4 

1-2 

20 

■20 

... 

20 

5 

12 

20 

•>7 


•>i 

6 

12 

■20 

20 


20 

1 

15 

20 

•23 


23 

2 

15 

20 

20 


20 

3 

15 

20 

27 


: 27 

4 

15 

20 

•20 


20 

5 

15 

, 20 

20 

... 

1 20 

6 

15 

20 

20 


1 ’20 

i 






--- • ■ 
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An examination of these results shows that although wheat containing 
less than 8 per cent, moisture is imniune from the attacks of C. mjzm (which 
is the form in which Fletcher should have stated his conclusion), yet with 
A. unduhtiis and R. dminim a very different state of affairs exists. In the 
case of midvlahis the very reverse is the case, in that, although some of 
the insects had survived in each of the various percentages of moisture, yet 
breeding had taken place more frequently in the lower percentages, oviposi- 
tion apparently having occuned in the oases of 6 per cent, and 7 per cent, 
moisture. With R. domvtica some insects had survived under each of the 
conditions, but it is noticeable that breeding had gone on even with only 
5 per cent, moisture. The experiment is open to criticism from the point 
of view that our k"no\vledge of the condition of the atmosphere inside the 
bottles is very limited, and the results may have been disturbed by the 
introduction nf other factors, especially in the high percentages of nioistttre, 
produced by partial germination or fermentation in the wheat. It wa® 
therefore deemed advisable to test the matter in another way. 

The second series of experiments was carried out at Lyallpur i>n quite 

different lines. The object of the 
experiment was to determine the 
length of time which the insects 
would live without fond and at 
different temperatures in, on the 
one hand, an atmosphere saturated 
with moisture, and on the other 
hand an atmosphere entirely free 
from moisture. The results ob- 
tained could then be phuted in the 
form of a curve and the space bet- 
ween the “ dryness curve ” and the 
“ moistness curve ” should be a 
measure of the sensitiveness of 
each of the species to inoistness or 
dryness. The insects were con- 
fined in test tubes of the shape 
shown at A in Fig. 7 their activi- 
ties being restricted to the closed 
end of the tube by means of the 
wire gauze plug. luthe body of 
the tube a smaller tube was placed 



Fig. 7. 
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which contained the reagent used to produce the atmosphere required, and the 
whole was sealed by a rubber bung. Each tube, rounded end upwards, was 


R. dominica. A. undulatus. 



HOURS— 

Fig. 9. 

then submerged by means of the 
leaden sinker in a tank of water 
kept at a constant temperature. 
In order to produce an atmosphere 
saturated with moisture, the reagent 
tube contained small pieces of 
pumice soaked with a dilute solu- 
t.ion of caustic potash, the use of the 
potash being to absorb any carbon- 
dioxide which might be given 
off by the insects ; and the dry 
atinospliero was produced by 
the use of fused calcium-chloride, 
which however was also mixed 
with soda lime to absorb any 
carbon-dioxide. The control tube 
used wdth each of the experiments 
is shown at B, Fig. 7, the wide 


HOURS-* 
Fig. 8. 

C. oryzsB. 



HOURS-* 
Fig. Ifl. 
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tube piercing the buug being open to the atmosphere above the water in the 
tank. In carrying out the experiment four moist tubes and four dry tubes 
were used for each species and e ch tube charged with ten insects. The control 
tube was charged with twenty insects. The experiment was carried out at 
temperatures of Sl'^C, 35°C and 40°C. The chief difficulty met with was to 
determine exactly when the insects were dead, tor it was found that often 
when to alt appearances death had occurred, the insects on removal from 
the tube woidd recover. In practice therefore tubes in which the insects 
had all apparently succumbed were left for varying periods before they were 
removed, and in this way a number of perioils was obtained some of, which 
were too short and some too long. .In average of these figures will give 
appro.ximately the period fatal under the particular conditions, and the 
periods given in Table XXXVI are such averages. These were plotted in 
the curves shown in Figs. 8. 9 and 10 the lethal periods being plotted as 
ordinates and the temperatures as abscissa'. 


Table XXXVI. 





LKH.AL I'ERIOl, IN IIOIBS 



TEMtEBATCKK 

I A. utidutalui 

1 R Uovi'mica. 

C. orj/iff. 


Moist 

; Dry 

! Moist 

1 

Dry 

Moibt 

Dry 

sre 

205 

1 

1 199 

223 

•295 

80 

330 

U3 

I ISS 

i 162 

167 

173 

59 

40^0 . ! 

n 1 


1 97 ’ 

i 

98 

38 

22 


An examination of the curves shows that in the case of C. oryza the dry- 
uess curve is steeper than, and is on the left baud side of the innistiicss curve, 
and the space between the two curves is considerable. With if. domiidcii 
the dryness curve is on the right of the moistucss curve, but the space between 
them is very small, and for A. unduhiius the dryness curve is on the right 
hand .side of the moistness curve ajid tlio space between them is mote than 
that of if. dominica hut less than C. oryza. 

The deduction which can he drawn from this is that, whereas dryness has 
a marked inhibitory effect upon C. oryza, it has practically the same effect 
as moistness on if. dominica and no effect on A. midiihtus, this insect in tact 
preferring dry oor di'tions to moist ones. This supports the results obtained 
In the first experiment. 
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It is deal therefore from these experimeuts that clesiocatioii is not a 
remedy which is effective against all the insects which attack stored wheat 
in the Punjab, though it is so in the case of C. oryzce. R. (Imninim seems 
to be practically indifferent to either moistness ci dryness and A. unduhtm 
seems to prefer dry conditions and moisture in excess appears to inhibit its 
activities. 

The results are supported by other investigations. If reference be made 
to the Tables VII, XII an<l XV, which give the length of life-history of these 
insects at different periods of tlie year, it will be seen that the shortest 
periods for A. umlnhilK.s are during May. June and tlic hrst half of July which 
are the hottest and driest months of the year. In the case of R. domiiimi the 
effect of the moist conditions is not so noticeable, the length of life history 
being more influenced by temperature. The case of ory.a- i.s remarkable, for 
breeding ceased entirely during tlie liot dry niontlisof May, June and July 
and it was not until the moisture ccuditioiis had been made sufficiently 
favourable by the advent of the rains, that development took place. 

The distribution of these insects in the Pun jail givtcs iurther support io 
tliese results for if Table i, pages 169 and 170, aie consulted, it w ill be seen that 
in the drier places such as Wrsa and hyallpur. where the rainfall is small. 
A. iindidalus is the commonest insect lound. while in .fiuritsai. Gurdaspur and 
places in that district which are closer to the loot hills and have consequently 
a much higher laiufall. t'. oiv/nr predominates. 



CHAPTER VI. 

Remedial measitres and experiments connected 
WITH THEM. 

1. Chemical DderrenU. 

The vse of Chemical Delerreiils. An account has been published by one 
of us (A. J. Grove)' on the use of naphthalene in preventing insect attacks on 
stored maize. It was shown that the results obtained by its use were 
as good as tliose obtained b)' fumigation with carbon bi-sulphide and that the 
germination of the grain was not affected. 

In a province wliere such a large quantity of wheat is grown like the 
Punjab the preservation of the wheat which is kept for seed is a serious 
problem and experiments were started to see whether the use of naphthalene 
could be applied to wheat in the same way in which it has been applied to 
maize. 

The first point was to determine whether the germination capacity of 
the wheat was affected in any way by the naphthalene. 

In the case of the maize the proportion of naphthalene used was half a 
seer (1 lb.) per twenty-five maunds (2,000 pounds) or 0'0r)%. In the experi- 
ments with the wheat varying percentages were used. The wheat used was 
first fumigated with carbon bi-sulphide to ensure that no grain would be 
spoiled by insect attack and then divided into lots of 300 grama each and 
these were placed in glass stoppered bottles with the following quantities of 
naphthalene Nil (to act as a control) ; 2-5 gran]s ; 5 grams ; 10 grams ; 
15 grams ; and 20 grams being 0'8 per cent. ; I’C per cent. ; 3-3 per cent. ; 
5 per cent. ; and 6-6 per cent. The experiment was started on 16th 
December 1912 and on the 17th of each subsequent month until December 
1913, 200 grains of wheat were taken from each and placed in a dish upon 
damp blotting paper to determine the percentage of germination. The 
results obtained are given in Table XXXVII. 

' Grove, A, J. Some Experimeato with .Muixe .stored in bins. AgricuUwal Journal of 
India, Vol. IX, pp. 03-98, 1914. 
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Table XXXVII. 


Numbei' 0 / wheal grains which germinated out 0 / 20U. 


Quantity 


of naphtha- 
lene 

to.SOOKraing 
of wheat 

January 

February ; 

Maruh 

April 

May 

sTiine 

July ! 

1 

* 

5l 

i u ' 1 1 : 5 

I ' i E S < < 

t; : ? g i 

0 a : K 

Nil 

175 

173 

1 181 

176 

183 

177 

180 

191 

178 ' 181 180 1S7 

2 5 grams 

181 

183 

^ 167 

176 

172 

168 

161 

162 

173 i 152 134 175 

5 

178 

176 

: 180 175 

171 

162 

188 

172 

172 : 156 126 168 

10 ., 

ISI 

1H4 

i;o 

166 

140 

161 

166 

172 

167 ; 154 131 160 

15 


161 

172 176 

I3S 

167 

170 

17» 

16S 149 li3 174 

20 

, 

j 180 

lS-2 

173 168 

144 

162 

I6S 

176 

171 17.5 I'’-’ 171 


These figures sliow that fur the tii'st nine imnitlis, that is, fmni January 
to Beptember, there is no falling oli in the percentage gerininatinn that would 
not be included in the errors of the experiment, and ouiicnsly enough the 
figures obtained in December w(n'o higher than those obtained in October 
and November, and compare very favourably with those of the earlier months. 
The explanation of this is that, in October and November the laboratory tem- 
perature was so much lower than in the latter lumiths that the naphthalene 
did not evaporate so easily from the grains, and the vapenr accumulating in 
the germinating dishes (a distinct smell of naphthalene was observed oir several 
occasions in the dishes), the germinating grains were injured. In December 
1913 therefore the grains before being placed in the dishes were exposed to 
the sun for a period of six hours so that any naphthalene present might eva- 
porate and the results obtained ate therefore, proportionally higher. In 
December 10 U that is after the wheat had been with the naj)htlialene for two 
years, a test in the licl.i was made. 21X1 grains from each bottle, after exposure 
in the sun for several hours, were sown. Unfortunately owing tn a canal 
closure the germinating wheat could not be irrigated by flow irrigation and 
the hand irrigation resorted to proveal unsatisfactorr and the germination 
on the whole was not good, but the conditions were the same for each lot ol 
grain ; the results obtained were as follows : 

Quantity of naphthalene... nil *i'5 gni. 5 gm. 10 gm. 15 gni X) gm. 

No. of grains germinated. Sfi 16 

From these it will be seen that even after two years the naphthalene 
has not had much effect upon the geriuinative capacity of the wheat. 
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Mr. H. Southern, Deputy Director of Agr-ioulture at Gurdaspur, used 
naphthalene in this manner iu storing his seed wheat at the Gurdaspur farm, 
267 inaunds (1901- owt.) were stored in three large iron bins on 9th June 1914. 
On 11th August the writer made an examination of these bins and found no 
insect attack although there were, a large number of insects (C. oryzai chiefly) 
iu the storehouse, in which the bins were situated. Some other wheat which 
had been placed in bags on the floor of the storehouse had become badly 
infected. 

This shows that either the wheat was infected when it was stored or else 
becinie infected after storing, tlic latter being the most probable. It is there- 
fore intere-stiug to note that the wheat in the bins had remained free from 
insects while the wheat in the bags was infected. The cases are not (piito 
parallel as the bins may have been instrumental iu preventing the access of 
the insects whereas the gunny bags would not afford such protection. The 
method is again being tested this year. 

Udinples of breiid tmide from vlmt which hud been stored with mphlha- 
leiie : — 

Since the seed wheat may be stored, in the same chambers a.s wheat wliich 
will be sold for food, and because of tlie <tiilicnlty of differentiating between 
them in lire village it was thought adtlsablc to test the wheat after sncli 
treatment to see if sufficient naphthalene remained iu the grain to flavour the 
Hour or bread made from it. For this purpose samples of wheat treated with 
naphthalene were first exposed to sunlight to volatilize the naphthalcm-. 
The wheat was then reduced to a coarse Hour and made into bread. 

The follow'ing table gives the result of the test 


Table XXX’VllI 


Samples of bread made from wheat tii'st stored with nuphthalene, ami 
afterwards exposed to sunlight before grinding : — 


Samplb 

A. (Puaa) 1(1 0-1915 

B. ,, 10.5.1915 

C. „ 10 51915 

D. ., lO-S-igio 

E. ,, 10.5.1915 

K. „ 10-51915 

(Gurdaspur) (14) 10-oT915 
(Fusa) (12) (Gurdaapur) 10-51915 


DKSCKU'TIUN of hie BKE4I' 
No Bmell of naplithaleue. 
Slight BDieli of naphthalene. 
Strong Htoell of naphthalene 
Slight smell of naphthalene. 
Strong smell of naphlhalene. 
Slight smell of naphthalene. 
Slight smell of naphthalene. 
Slight smell of naphthalene. 


It is clear from this experiment that though we may preserve wheat for 
seed purposes with this substance, naphthalene cannot be used for wheat which 
may be sold for food, owing to the objectionable taste and odour it imparts 


to the bread. 
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2, Merhrrniml Ti'e/ilmeitt. 

Wheat which has been th(iT('ii“lily cleaned will he less lilcclr t n suffer 
damage than wheat which is stored without cleaning, for the niece process 
of sifting will remove, a large number of insects which arc mitsidc the grain 
and thus reduce in magnitude the factors causing damage. Moreover the 
removal of the dust and bre ken grains will reduce the available food supply 
for such insects as T. raalancnm. C. ori/zm and L, piisilhis whieli liavc been 
shown to live in the detritus and not on the entire grain. It will also reduce 
to some extent the number of A. and li. dominica larvae as it nill 

limit their supply of broken food material and so restrict tlieir development 
and ability to attack whole grains. 

The mechanical cleaning of wheat is practised in t he villages by the Indian 
shopkeeper. Practical experience lias taught him that when lus grain gets 
weevilled, it restricts the damage if lie sieves out the weevils ami dust, and it 
is therefore a common .sight in the Punjab vilLiges to see tliis thrifty class 
dealing with the problem in a manner whicli scientific enquiry has pwoved 
to bo the best and most efficient method. 

The large wheat exporting firms, too. arc fully alive to the advantages 
to bo derived from cleaning wlieat before export. 'I'hougli they might net 
prefer to have the. wheat delivered to them in a clean and undamaged con- 
dition as the cleaning proces,s is a profitable, part of their Inisiness. still as one 
of the managing directors of a large e.xporting fii'm said to one of us 
in discussing the possibilities of introducing elevators into tlie Punjab “ If 
you can limit the damage caused by weevils, the failure of elevators to estab- 
lish themselve.s will be rendered more remote, more, they will probably he a 
success." As we have already noted iu Chapter I, the actual amount of 
damage caused is not known. Hooper’s methods of estimating the damage, 
mentioned in Hoel Patou’s Induin ll/^eut nad Gtttnf aic no doubt 

picturesque, but thev arc laboratory methods and can only give ns the amount 
of damage under the most favourable conditions for the weevil. The actual 
damage is much less than Hooper’s estimates and the trade figure of from 
1 to 5 per cent, is much more likely to he correct since the weevils like most 
insects have many enemies and very rarely get the chance of doing all the 
damage they are capable of. 

We have already shown in Chapter II the impossibility of using inflam- 
mable or poisonous gases for a large granary in this country owing to tlie 
prohibitive insurance rates which would certainly bo levied, and our experi- 
ments in this memoir have shown too, the impossibility of using inert gases 
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as asphyxiating media, on account of the ahility of the insects to protect 
themselves by restricted rcsiiiration. 

Drying the grain we have shown in t'haptei-s I and V to be ineffectual, 
as some of the insects exist better under dry than under moist conditions, 
A. unduhtiis and others {R. dommim) seem to be indifferent, and to flourish 
equally well in dry or moist giain. In the light of this knowledge the inolnaion 
of a drying plant in an Indian wheat elevator seems an imnecessary expense. 
If included it will only be of use to deal with wheat which has suffered 
from exposure to rain, a comparatively rare occurrence in the Punjab. 

Chemical deterrents, too, seem to present difficulties in grain which will 
afterwards be used for food. 

We are of the opinion therclorc that the only solution to the problem 
will be found in a mechanical separation of the insects causing the damage. 

Conditions which have to be complied with in order to render mechanical 
treatment satisfactory. 

We have shown in Chapter I that damage resulting from the three prin- 
cipal organisms A. uiululalus, C. oryzeo and R. dominka is caused by the larva: 
of the first and the adults of the two latter. The larvse of A. midnlotvs start 
to feed almost as soon as hatched. We must therefore remove them when in a 
young state, or better still remove their eggs if this is possible. The adult 
insects of R. dominka and C. orytm offer no great difficult}' since they can be 
readily sifted out. The chief difficulty seems to be presented by A. mduhtus 
and the damaged grains in which weevils have hidden themselves. These 
grains are uniform with those of unattaoked wheat and cannot be separated 
by sieves. We therefore turned to a mechanical method of treatment which 
will combine the advantage of sitting with those of a density separation. The 
principle on which the latter will depend will be the “ floating out ’’ of any 
substances which are of less density than entire or undamaged wheat. Air 
blasts have been used for cleaning wheat from time immemorial, the separa- 
tion of the wheat from the chaff by winnowing is certainly the oldest of these 
methods and is still practised by tbe Indian peasant in very much the same 
manner as it must have been by his lorelathers thousands of years ago. Various 
refinements of this method have been introduced into the machinery used 
for threshing and cleaning wheat, but in all of these machines that we have 
been able to inspect here in India sieves and shakers appear to form a necessary 
part of the plant. Now sieves will only operate effectively in removing im- 
purities which are either larger or smaller than the average sized grain. By 
these means we can certainly clean out stones, foreign seeds of a different size, 
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or weevils and the detritas which result from their activity. But sieves 

will not remove grain which has been pierced and partially consumed i£ the 

shell is still left almost entire, nor will they remove the weevils contained in 

such partially hollowed grain. Such impurities not only constitute a direct 

loss on the entire stock, but may, it the wheat is again stored after sievin“, 

be the starting point for fresh damage after the insects containeil therein 

begiir to breed. These grains will be lighter than undamaged wheat in a more 

or less marked degree according to the amorrnt of endosperm which has been 

eaten, and will be moved by a current of air more easily than will undamaged 

grain. The size of the grains will not affect the distance they can be moved 

by a blast of air provided the density of the contents of the grain are fairly 

mriform. For though one grain may weigh less than another it will also be 

smaller and will present a proportionally smaller surface to the action of the air 

blast. If the ( ~ ^ siirja ce area \ constant, the effect of the air 

\weight of the grain/ 

blast will be fairly uniform, but if the denominator grows less, the effect of 
the blast will be to move the grain further, or to put it in another way it will 
requite a loss powerful blast to " lioat ” the grain. 

Experiment.— X mi.xture of damaged, undamaged wheat, weevils, and 
their detritus, was allowed to flow from a large glass funnel on to a smooth 
board sloped at an angle of aborit 30^ (see Fig. 11). The stream of grains, 



as it flows down the board, is struck lateralh’ by a blast of air. The lightest 
portion of the mixtirre, the dirst, detritus, and weevils, were deflected to the 
greatest degree from the original line of movement of the grain, and the 
undamaged grain the least deflected. Between these two extremes we find 



276 


THE INSECTS ATTAOKIXO STORED WHEAT IN THE PUNJAB 


inixtuTos varyinn from mwe empty shells and lieht matter mi the one side to 
slightly damaged grain on tlie other. This cxjie.riment jirc ved the truth of. 
our hi'pothesis in a tough manner, hut Ihis method is not directly capable of 
practical application, because the flow of the grain is not sufficiently uniform 
in character to allow of a uniform velocity in the grain before it is struck by 
the air blast. After a series of experiments we hit on the design, shown in 
Fig. 12. Tlii.s separator consists of a tube (eonstnictcd in the experiments 



Fie 12. 


of thin sheet iron) with a number of bends, each bend making an angle cf 40“ 
with the perpendicular, the object of which is to iiclp neutralize the increasing 
moiueutum ol the falling grain due to gravitational acceleration. With a 
tube of sufficient length divided into a sufficient nund)cr of ste])s. we can, in 
this way, obtain a falling grain of uniform velocity, instead of increasing 
velocity. If now this grain meets a current of air flowing up the tube, we can 
by increasing the velocity of the latter ultimately reach a point when its 
momentum is ocpial to the momentum of the falling grain. At this point the, 
grain will “ float ” if we go beyond this, and increase the velocity of the air- 
blast, the grain will be driven back up the tube. 

The density of air at 30%'. (a fair average temperature for the tropics) 
is 0’001166 (water=:l) and the density ol wheat is from 1'3C3 to 1’390, see 
Table XXXIX. 
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Tabt.k XXXIX. 


Specific gravity of io}ie/it,from the Lyallpur market, com pared ail It tvaler 
ai lO'SX'. 


Date of analysis 

Description of ; 
the sample i 

Date of 
purchase 

Specific gravity 
compared to 
water at 15'5'C 

Kemakks 

106 15 

Soft 

•i2-2-15 

l-36() 

Average specific 

10-6-15 



1-338 

gravity for 

10-6-15 

Soft 

7 1! 14 

1 345 

soft wheat 

10 615 

Soft 

28 7-H 

1 371 

is l-3o3. 

10-6*15 


29 S 14 

1-351 


in-6 15 

Hard 

JW9-14 

1-395 

Average specific 

10 6-15 


23-10-14 

1*382 

gravity of 

10-6-15 

Hard 

7-10-14 

1-396 

hard wheat 

10-6 15 

Hard 

2215 

1-397 

is l'39(h 

106 15 

Hard 

1 

1 415 

i':j79 



When the gvaiu staits to fall fiotii the tof) of the tube we uiay cousicler 
it as a sei'ies of particles having no initial velocity ; after falling through a height 
(h) (in the tube this was Il'o ") it will have a velocity of 


V= less air friction. It now iinpinge.s at an angle of ( a ) degrees 

(in this case « - 10^) on a .sloping surface, from tins it will rebound at an angle 
of f) and will then have a velocit y of U where : 

U=V - i^Cos-a -losses by aerial friction. 

for ; — 

U Sin 0 =V Sin a 

and the relative velocity along the common normal after impact is ( -0 

times the relative velocity before impact. 

|( £ ) is the coefficient of restitution or elasticity, iii the oa.se of wheat aiull 

[iron this is not known. 

U co3a-0=-£(-Vco3«-0) 

.'. U cos 0 =;V cos o 
from which we have 

U=V V'SiS^ 

The impulse of the blow will be 
m V cos <i + ffl U cos « 
sam (I + O ^ cos n. 

This represents loss of energy by impact. It the angle (J is small the gram 
will start to slide dowm this sloping surface which makes an angle of (/3) with 

the horizontal and we have : . ■ t 

Vi = velocity after sliding over a length (/) with a frictional coelhcicnt of 

(it) and initial velocity of U. 
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We then have 

Vi = U+ t'^2gl (sin/3-n cos (5 — losses by aerial friction. 

From this point it will fall with increasing velocity over the next straight 
length of tubing of length h and will strike the next sloping tube with a 
velocity of where : 

Vo-=(Vi^+2gh)=all air friction 
V- — •\/Vr+2gh - all air friction. 

The angle of impact is again the same but the velocity has changed from V'l 
to Vo. Tile mass remains conslaiit so that the impact of the blow is now 
m (1 +i) Vj cos (I 

The coefficients of friction between wheat and iron and between wheat and 
wood are not known but can be easily determined.’ 

The above equation give.s the momentum M of the mass (m) of moving 
grain at any point (p) in the tube. This is 
Mp = mVp 

The air moving up the tube is made to leave the nozzle which is fairly wide, 
with such velocity that it is able to float out grain having a density loss than 
1'35 and a velocity of Vp opposite the bottom part. It must therefore have 
a momentum equal to inVp in the above cipiation. Making volume unity, 
i.e., (1cm)’’, m will be equal to l'3o (volume X density), sc that 
Mp=l'35Vp 

At this point the momentum of the ait will be 

V,m = 001165 Vb 

That is when equilibrium is established between the uprushiug air and 
the falling giain at the point p the grain will have a velocity of 

V = i-ssVp 
* 001165 

In calculating Va we must make allowances for the expansion of the air 
from the nozzle to the grain tul>e (in out experiments the cross sectional area 
of the grain tube, was ,36 sq. in., while that of the nozzle was 7'86 sq. .in. ; 
which mean that the velocity of the air before leaving the nozzle was 
times greater than in the outer grain tube). 

Data regarding and i for wheat, wood, and iron will be available in a 
subsequent publication. 


Tkia friction coefficient is measured by tbe natural tangent of tbe angle of slope when 
the grain just starts to slip. Between wheat and cement it is 0‘41f>67 or an'angle of rather 
more than 22* ; between wheat and wood or iron it will he less than this. 
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Now the greatest resistance tlie wheat will experience in the lower pare 
of the tube will be from friction with the rising air which will not only float out 
the lighter material during its passage thri.ugh the tube but will in addition 
tend to reduce the velocity of all the falling grain to a smaller and smaller 
degree as the velocity of the air is reduced by losse-s from the port holes in 
its passage up the tube. 

In our experiment the air blast was derived from a Root s blower, and 
could not bo varied, we tlierefore altered the design of the tube, r.e.. altered 
the angle of the bends, ami the distance between them, until the dimensions 
given in the diagram were arrived at, when the grain issuing at the bottom 
was found to be clean and free from damaged grain or insects. 

Immediately below each bend of the tube there is an egres.s port. At 
each of these a portion ol the uprushing crrrrent of air escapes carrying with 
it such matter as is light enough to " .Hoat in it. A-s we proceed up the 
tube the amount of air escaping at those jicrts will become less and less. The 
ineohanical effect of this is. that at the top of the. tube the lighter materials, 
iusoots, dust, and detritus arc removed. As it travels down the tube it meets a 
stronger and stronger cuirent of air and the heavier damaged materials arc 
blown out ; first dust, then shells, and afterwards the more or less da maged grain. 

Over each of these ports a muslin bag was fixed to colled the products 
blown mit, and the following table gives the, separation achieved on lO'TG 
kilograms of damaged giain containing dust, weevils, etc. The numbers ot 
the bags are from the toj) downwards 


Table XL. 

Showing the clcauimj effict of We gnnn seiKimh r deHnial <» the te.et. 


Fort hole I 
Port hole - 
Port hole 3 
Port hole 4 
Port hole 5 
Port hole 6 
Port hole 7 (bottom) 
below the air inlet 


64 grams 

10-J 

46 

7-J 

S9 

^7 


lOoOO 

Total 


Quantity of 
material 
folleclecl 
0-59% 
0*95% 
0-4‘i% 
0-67"o 

O'Sr'o 

v)j'73°'o 


99-09% 


In Table XL, the products collected at port holes 1 and 2 were entirely 
dust and insects ; at port hole 3 the empty shells of gram and cast skins o 
the latvie; at 4 empty grain shells and some much damaged gram and at 
5 and 6 a le«s damageil gi'aiu. The grain issuiiig at i was clean and fiee uun 
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adult iuseats— it ciiiitained a very small proportion o£ slightly damaged grain 
which showed that beetles probably A. uiuIulaliiH had just commenced to 
attach it. 'Die advantages (d a separator ot this type arc obvious, there ate 
no moving parts to get out o£ order as in the case of sieves, the air blast can 
if reipiirerl be regulated though this will not be necessary in a large instal- 
lation ; it will only bo uecessarvto see that the fans feeding a given nnmbcr 
of separators are rnnning at their jiroper calculated speed. This can be 
controlled by the mechanic in charge of the raaohineiy. Lastly the entire 
products of separation can be collected and used- The dust, detritus, 
weevils from jxut holes I. 2 and 3 can lie steamed to kill tire weevil and then 
sold as a maimro. This material is rich in nitrogen and })hosphates as may 
be seen fri.mr the following table : — 

Table XLI. 


Aii'di/ae^ ol flu- dust, sltelts and dmiKiged udiait extracted from weenUed 
tr)mit by the air blast separator. 



Dimt, bletiitus. 

Shells 
port hole I 

Damaged grain 

Damaged grain 


dead weevils, etc , 
port holes 1, li 

from port 
hole 5 

from port 
hole 6 

Total ifitro^en 

4-r)l 

♦2 66 

l-bl 

1 58 

Total phospliates as 

165 

1-13 


0*78 

Po 0,. 






Absent 

Absent 

‘215 

1*80 

Absent 

Starch 



mn 

ei-TT 

Protein 

^•18 

1685 

lO'O 

9'8 

Germination value 

Nil 

Nil 

1 30 

46 0 

... . . _ . . — 








The damaged grains from ports 1 and b might be tolled aird jiressed into 
cakes and used as a cattle food and that from 6 might fbid a sale in the bazaar 
for the preparatioir of second grade flour. This utilizatioir of the by products 
wouhl help to pay off the runuiug costs and the capital outlay on the 
plant, for as we shall show later the use of wheat cleaning inaohincty at 
Karachi has been so profitable there as to complete the purchase of the plant 
within two years. 

The condition^ artder which, irieehaniad treatment will have to be applied 
in an Elevator. 

In order to render a process of cleaning wheat satisfactory in India, we 
must, as far as possible, elinrinate the necessity ior skilled labour and 
make the nrethod more or less mechanical. It would not do, for example, if 
we had to employ skilled .scientists to supervise the extraction of the weevils 




bAKNES AEJl GHOVK 


280 « 


from the storerf gram, or to make periodical inspections, tlinugh tliis 
latter might possibly be arranged for by the Agricultural Department. 
This point we have kept well in view in the work of which this ineir.oir is a 
record, and we have as a result of cur entomological studies of the life-his- 
tories of the principal insec’s causing damage, been able to arrive at a working 
scheme which is to all intents mechanical in its applicati. n and can be 
applied by unskilled labour. From the results given in chapter !. it is clear 
that if we take an infected sample of wheat and clean it by such a mechanical 
process as described above, there may still be left on the grain after this lias 
undergone the cleaning process, a number of eggs attached to the epidermis 
of the wheat. In certain months these will develop and pa.s8 through their 
life-history periods more quickly than in others. If we assume that wheat 
after thi.s preliminary cleaning is always still infected with eggs which will 
develop later, then, by allowing the wheat to remain a sufficient time in store 
for the adult insects to emerge and grow but not to reproduce, and then clean 
the wheat a second time, wc shall be able to completely remove all insects 
causing damage to the gtain. II such wl.eat is stored in chambers con- 
structed, so that there arc no cracks or corners in which the insects can lodge, 
or to which insects can. in the ordinary course of events, gain access, this 
double treatment of the grain will completely imnmiuse it against weevil 
attack. On the basis ol the above method, we have drawn up the followuig 
table showing the time in days which may he allowed to ela]ise at various 
periods of the year between the Hrst and .second cleaning. 

Table XLII. 

Table for the tisc in wheat granaries showing the time which may be 
allowed to elapse between the hist cleaning of the grain on entering the 
granary and the second treatment to remove insects hatched out from eggs 
which have escaped the action of the cleaner in the hrst treatment : — 



Period in days, which must 
elapse between tbe first and 
second cleaning 

Period in days beyond which the 
wheat may not remain in the 
store without a second cleaning 

May 

10 day.*- 

25 days 

Jnnfl 

10 „ 

20 „ 

July 

10 „ 

■■ 

Aug;u9t 

10 


September 

iO „ 

15 ,, 

October 

15 „ 


November ... 

25 „ 

60 ,, 

December ... 

:io „ 

100 „ 

January, Februar 

and March 

’ 30 

100 „ 
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Emm pie of the application of Ike table •. — 

Wheat is received in an elevator and goes int i store after cleaning, say 
in the beginning of June. The collected wheat should be allowed to remain 
in the store for not less than 10 days and not more than 20 days when it is 
again passed through the cleaning machinery and afterwards placed in the 
permanent store bins, where it will keep for an indefinite period (so far as 
weevils are concerned). 

In the oonstiuction of wheat granaries in which this method is to be 
applied, the temporary store bins should be so constructed as to be self 
emptying— they should have no sharp cornets in which insects nr dust can 
lodge, and the bottom of the bin sliould slope down to a discharging pipe. 
The permanent store bins should be of the same shape to admit of easy and 
complete emptying of the bin when this is necessary. 

The separators of whatever types used should he, situated preferably 
in the basement where any leakage of weevils, dust or damaged wheat from 
the pipes convoying them away from the separators may not (all upon and 
infect grain stored below. 

.\t the end of March 19ID by the courtesy of the director Mr. J. .Muller 
we, inspected a wheat cleaning plant belonging to .Messrs. Louis Dreyfus at 
Kiainari. Karachi. This plant was supplied in 1912 by Werner and Co. 
of Dresden and consists of two parts («) a barley e.xtiacting plant, and (ii) a 
dust and dirt cleaning plant. Of the two the barley extractor is by far the 
greater, there lieiug eight cyliiideis for liarley extraction and only one for the 
removal of dirt. 

The cost of tho plant at Karachi w.ts lls. 07.1<S5-10-5 to wliicll must 
be added Tl,s. for the electric installation added in 1914. The 

cost of the buildings wasKs. 21,980-1-9 and the working expenses for 1914 
were Rs. 27,862-11-1 diuiiig which period 1,82, -037 candies of wheat were passed 
through the macliineiy. The working costs were 2 annas 5 pics per candy 
(t candy = 8.76 lb. or 0'29286 ton). The repaiis executed in 1914 amounted 
to Rs. 1,24.5-4-3 and were chiefly for new belting and spare parts tor tho 
machinery, this is a low figure and would cert,ainly increase as the machinery 
ages. The firm calculates depreciation at the rate of annas 2 per iviahj 
reckoning a 7 years’ purchase, but, as a matter of fact, the amount of wheat 
treated was such as to repay the firm the cost of the plant within two years. 
Mr. Muller considers this plant will remain lu use for 15 years so it will be 
seen how piofilable a cleaning plant of this kind is to a large exporting firm. 
Other interesting information given by Mr. Muller was to the effect 
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that the barley extractor is uot as useful to them as the dirt, extracting 
machinery, and his firm were negotiating for a new i.lant at the time oi the 
outbreak of war, to consist of t batteries of dirt cleaners only, witli a 
calculated output of 00 tons per hour costing about i lakhs in all (building and 
machinery), all machinery in the newly designed plant to he elcctrir.allv 
driven. 

The plant we inspected ha.s a guaranteed outturn of ,30 tons per heur, 
but in actual practice the figure of 2.b tons per hour ha.s never been exceeded. 
This falling off is attributed to insufficient sieve accomnicdatiou. An inspec- 
tion of the machinery working on woer illed wlieat showed the majoiit\' of 
the dust and weevils were removed in the dirt extractor. The de.sign however 
is not satisfaotoiy and this part of the macliinerv is at the top of the building 
and many weevils escape after extraction and find their way into the cleaned 
wheat ; we found a good many specimens of /?. (loininiai in the bagged clean 
wheat. The sieves too are in our opinion a feature of wheat cleaning 
machinery which shouhl ho re<hiced to the greatest possible extent. 

We give below some details of .Messrs. Louis Dieyfus’ wheat cleaning 
plant at Kiamari, Karachi 

(irouad covered by boildin'* ... *2S‘75 x 10 75 meti Ps, 

(Iround coYero<l by Powerhouse S US x 6 metrea. 

Height of biiildingr ... VI metres at the 

highest point, aver- 
age height of roof 
S'S metres. 

Cost of in.\chi(iery 8iipplie«l by Werner and Co., of 

Dresden in 1912, working in 191*< . •• Its. d7,18o-l0-5 

//.—Of Oiis iiMin al.)Out Rs- 20.OX) is debitable to the co«i of the 50 H. P, Oil Motor, 

Cost of electric installation for lighting only .. Rs 636-7*3 

Cost of buildings .. ... ... ,, 21,980-1-9 

Working expenses in 1914 on 182,537 candies . . •27,862-11-1 

i R. 0/2/5 per candy- 

Cost of repairs .. ... ... 12+5-4-3 

The working expense is divided .is follows 

Wages 

Oil 

Repairs 

Electric fittings and upkeep 

Total 2 annas and 5 pies per candy. 

For the puipcse of wheat elevators in India it would not be necessary 
to pass the whole of the grain through niacluuerv to clean it from foreign seeds. 
Such machinery therefore would have to be in proportion to the amount of 


2 annas per candy 
2l pies ,, ,, 

U pies 
1 pie ., 
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grain requiring suck treatment. Tliis can be worked out on the new elevator 
now in course of erection at Lyallpur, and by examining carefully the average 
quality of tlie grain passing through any other centre at which it is proposed 
to erect similar granaries. 

But for the purpose of renioviug ihist all Indian grain must pass through 
a cleaner at least once (until steam threshers and mechanical winnowers 
have come into more common nse). In order to remove weevils and ensure 
the grain against damage we have shown that it is necessary to pass the wheat 
through such machinery twice. The size of the plant for cleaning out dust 
or weevils will therefore have to be commensurate with the capacity of the 
elevator to allow of a double cleaning of the wheat during the time it is in store, 
once at entering and once after storing a sufficient time to allow for the 
incuhation of any eggs escaping the first cleaning processes. 


Lyallpur. 
.lull), 1010. 
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